
N A S A  

w- 
0 
h 
L 

I- 
I- 

4 
c/) 
4 
z 

I 

T E C H N I C A L  

T R A N S L A T I O N  

GROWING PLANTS IN SPACE 

by V. P. Dadykin 

“Znaniye” Press, Moscow, 1968 

N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  . W A S H I N G T O N ,  D. C. APRIL  1972 



TECH .LIBRARY KAFB, NM 

GROWING PLANTS IN SPACE 

By V. P. Dadykin 

Translation of "Kosmicheskoye Rasteniyevodstvo" 
"Znaniye" Press, Moscow, 1968 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

For sale by the National Technical Information Service, Springfield, Virginia 221 5 1 
$3.00 





"Is it  poss ib le  t o  grow some kinds of a g r i c u l t u r a l  products  on the Moon? 

What s o r t  of greenhouses with a r t i f i c i a l  atmospheres would t h i s  r e q u i r e  and 

is  i t  poss ib le  t o  use  t h e  lunar  s o i l  as t h e  ground?" 

The answer of Academician M. B. Keldysh is: "I th ink  t h a t , w i t h  appro- 

p r i a t e  adapta t ions ,  i t  is  poss ib le .  Bio logis t s  are s e r i o u s l y  occupied 

wi th  closed regenera t ion  cyc les  f o r  t h e  growth of p l a n t s  n o t  only on t h e  Moon, 

bu t  a l s o  i n  spacecraf t .  Great advances have a l ready  been made i n  t h i s  branch 

of science.  

From t h e  s tenographic  r e p o r t  of t h e  p r e s s  conference devoted 
t o  the new epoch i n  t h e  knowledge of t h e  Universe,  P a ,  
February 11, 1966, No .  42 (17359). 
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GROWING PLANTS IN SPACE 

(1) V. P. Dadykin 

ABSTRACT. This book examines poss ib le  ways t o  s o l v e  t h e  
problems connected wi th  l i f e  support  systems f o r  cosmonauts 
on prolonged space f l i g h t s  by using p l a n t s  from Earth.  The 
cycle  o f  n a t u r e  on Earth i s  examined, and methods are pro- 
posed f o r  modeling t h i s  cyc le  wi th in  a spacecraf t .  The 
danger of r a d i a t i o n  i n  space and ways t o  e l imina te  it a r e  
s tud ied .  It is  found t h a t  i n  c losed,  pressur ized  areas 
h igher  p l a n t s  a r e  q u i t e  s e n s i t i v e  t o  increased oxygen i n  
the  a i r .  A 25% concentrat ion of oxygen g r e a t l y  reduces t h e  
i n t e n s i t y  of photosynthesis  , whereas a concentrat ion below 
normal s t i m u l a t e s  p l a n t  growth and i n t e n s i f i e s  photosyn- 
t h e s i s .  

Preface  

Everyone remembers t h e  days when t h e  conquest of space w a s  i n i t i a t e d .  

This w a s  October 4 ,  1957, t h e  d a t e  of t h e  f i r s t  a r t i f i c i a l  Ear th  sa te l l i t e  

launching, developed and created by Soviet  s c i e n t i s t s ,  engineers ,  and workers. 

This w a s  a l s o  t h e  morning of A p r i l  12,  1961when t h e  f i r s t  s p a c e c r a f t  w a s  

launched wi th  a man onboard, Sovie t  c i t i z e n ,  Yuriy Gagarin. The space age i n  

the  h i s t o r y  of mankind had begun. A s h o r t  t i m e  has e lapsed s i n c e  those days,  

bu t  how many remarkable events  have occurred i n  t h e  development of cosmonautics! 

Mankind i s  no longer confined t o  t h e  advances achieved i n  master ing space 

c l o s e  t o  Earth,  bu t  more brave ly  and more conf ident ly  has  gazed a t  t h e  Moon, 

a t  t h e  p l a n e t s  of t h e  s o l a r  system, unafraid of t h e  prospect  of f l i g h t s  

l a s t i n g  months and years .  It s tands  t o  reason, however, t h a t  t h e s e  dreams 

* 
Numbers i n  the margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  f o r e i g h  t e x t .  

(''Doctor of Bio logica l  Sciences. 
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are not  r e a l i z e d  "by a wave of t h e  wand" b u t  t h a t  t h e s e  p lans  r e q u i r e  ex- 

t e n s i v e  and purposeful  work. Much remains t o  t h e  done i n  l a b o r a t o r i e s ,  t o  

be t e s t e d  on s h o r t  space f l i g h t s ,  and only then embodied i n  t h e  design of 

long-range spacecraf t .  

p e r s i s t e n t  a t t e n t i o n  of s c i e n t i s t s  a l s o  inc lude  t h e  problem mentioned i n  t h e  

book by V. P.  Dadykin. 

w r i t t e n  i n  a popular,  l i v e l y ,  and i n t e r e s t i n g  s t y l e ,  wi th  t h e  f u t u r e  prospec ts  

f o r  a r a d i c a l  s o l u t i o n  t o  t h e  problem of prolonged space f l i g h t s  - t h e  

c r e a t i o n  i n  t h e  s p a c e c r a f t  of a closed e c o l o g i c a l  system - t h a t  is, essen- 

t i a l l y ,  t h e  conversionof t h e  spacecraf t  i n t o  an  autonomous model of our 

p l a n e t  wi th  its endless  cycles  of matter. 

The numerous problems of t h i s  kind demanding t h e  

The reader  w i l l  become acquainted i n  t h i s  book, 

Academician V. V. P a r i n  

In t roduct ion  

Our generat ion is extremely lucky. W e  are contemporaries and witnesses  /4 
of man's i r r e p r e s s i b l e  breakthrough i n t o  space.  

- October 4 ,  1957, w i l l  remain a h i s t o r i c  d a t e  f o r  c e n t u r i e s .  3n t h i s  

day, f o r  t h e  f i r s t  t i m e ,  an a r t i f i c i a l  Soviet  s a t e l l i t e  w a s  put  i n t o  Earth 

o r b i t .  

I n  less than four  years ,  on A p r i l  1 2 ,  1961, Soviet  c i t i z e n ,  Yuriy Alek- 

sandrovich Gagarin, i n  t h e  VOStok" s p a c e c r a f t  - b u i l t  by Soviet  s c i e n t i s t s ,  

engineers ,  and workers - l e f t  the Earth and performed a space f l i g h t .  This  

epoch-making event  s i g n i f i e s  t h e  beginning of an  era of man's egress  t o  t h e  

vast reaches of space.  

The storming of space continues.  New s p a c e c r a f t  are being launched; 

more and more complex s c i e n t i f i c  and t e c h n i c a l  problems are being solved. 
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The advances made i n  mastering space have been SO s i g n i f i c a n t  t h a t  t h e  

ques t ion  of space f l i g h t s  t o  t h e  Moon, around the Moon, t o  p l a n e t s ,  and 

subsequently landing men on t h e  Moon and t h e  p l a n e t s  has  become real. 

~ 

Launchings of s p a c e c r a f t  and manned f l i g h t s  i n t o  space have expanded our 

knowledge of space c l o s e  t o  Ear th  t o  an ex t raord inary  degree,  and have l e d  t o  

t h e  s o l u t i o n  and p r a c t i c a l  v e r i f i c a t i o n  of many t e c h n i c a l  problems connected 

with p lac ing  s p a c e c r a f t  i n t o  a designated f l i g h t  t r a j e c t o r y ,  and o t h e r  problems 

of space navigat ion.  S o f t  landings i n  designated areas by s p a c e c r a f t  have 

been mastered. I n  February 1966, t h e r e  w a s  a b r i l l i a n t  execut ion of a s o f t  

landing by t h e  s p a c e c r a f t  11Luna-911, i n  December 1967, by "Luna-13", and on 

October 18, by t h e  automatic s t a t i o n  "Venera-4". 

For successfu l  manned f l i g h t s  i n t o  space,  i t  w a s  necessary t o  create n o t  ~L 

only r e l i a b l e  systems f o r  t h e  c o n t r o l  and t h e  r e t u r n  of t h e  spacecraf t  and 

r e l i a b l e  communication l i n e s  and te lemet ry  information,  b u t  a l s o  t o  provide 

i n  t h e  s p a c e c r a f t  cabins  normal condi t ions  f o r  human l i f e  ( s p e c i f i c  tempera- 

t u r e ,  humidity of a i r ,  i ts composition and pressure) .  A p a r t i c u l a r l y  c r u c i a l  /5 
and d i f f i c u l t  problem i s  t h e  maintenance of t h e  gas composition of t h e  at- 

mosphere i n  t h e  s p a c e c r a f t  cabin w i t h i n  t h e  range permiss ib le  f o r  man. 

During brea th ing  over a 24-hour per iod ,  a man consumes about 650 of 

oxygen and expels  about 550 Z of carbon dioxide.  It i s  necessary t o  re- 

generate  t h e  a i r  continuously by removing t h e  accumulated carbon d ioxide  and 

rep len ish ing  t h e  consumed oxygen. 

Our designers  b u i l t  a r e l i a b l e  system of air  regenera t ion  opera t ing  on 

chemically active substances absorbing carbon dioxide and l i b e r a t i n g  oxygen. 

However, a n  i n c r e a s e  i n  t h e  d u r a t i o n  of space f l i g h t s  r e q u i r e s  an  in- 

crease i n  t h e  s u p p l i e s  of chemically active substances f o r  t h e  regenera t ion  

of t h e  a i r .  Undoubtedly, i n  t h e  very  near  f u t u r e ,  t h e  volume and weight of 

these  substances w i l l  l e a d  t o  a n  i r r e c o n c i l a b l e  c o n t r a d i c t i o n  w i t h  r e s p e c t  

t o  t h e  dimensions of t h e  s p a c e c r a f t  cabin.  

3 



K. E. Tsiolkovskiy supported i n  h i s  t i m e  t h e  concept of  c r e a t i n g  aboard 

t h e  s p a c e c r a f t  a n  a r t i f ic ia l  microworld which would produce cyc les  of matter 

similar t o  those occurr ing under n a t u r a l  condi t ions  on Earth:  

contaminate t h e  air  and eat t h e  f r u i t ,  and p l a n t s  w i l l  p u r i f y  t h e  a i r  and 

produce t h e  f r u i t .  

p l a n t s :  

"People w i l l  

Man w i l l  r e t u r n  i n  f u l l  measure what h e  s t o l e  from t h e  

i n  t h e  form of f e r t i l i z e r s  f o r  s o i l  and air". 

I n  a d d i t i o n  t o  t h e  f l i g h t s ,  i t  is  necessary t o  create i n  space normal 

condi t ions f o r  man's l i f e  on t h e  Moon and t h e  p l a n e t s .  

Moon and a l s o  one of t h e  p l a n e t s  n e a r e s t  t h e  Earth,  i .e. ,  Mars, are prac- 

t i c a l l y  devoid of an  atmosphere and t h a t  t h e  temperature condi t ions  on t h e s e  

bodies are f a r  from "the comfort zone" as understood on Earth.  

i t  i s  necessary t o  b u i l d  l i fe -suppor t  systems on l u n a r  and p lane tary  s t a t i o n s .  

I n  t h i s  case, p l a n t s  can s u c c e s s f u l l y  perform t h e  work of  regenera t ing  a i r ,  

water, and food. Furthermore, t h e  provis ion  of p lane tary  s t a t i o n s  f o r  l i f e -  

support  systems obvia tes  a number of l i m i t a t i o n s  e x i s t i n g  i n  spacecraf t  

cabins  ( l imi ted  volume, weight,  absence of g r a v i t a t i o n ) .  

It i s  known t h a t  t h e  

Consequently, 

The t r a n s i t i o n  from ideas  expressed more than h a l f  a century ago t o  t h e i r  

p r a c t i c a l  a p p l i c a t i o n  i s  s t i l l  very remote. 

c a l c u l a t e  such a system, many d i f f i c u l t  and s t i l l  obscure problems have been 

revealed. 

With t h e  f i r s t  a t tempts  t o  

This book examines p o s s i b l e  ways and means f o r  t h e  s o l u t i o n  of problems 

connected w i t h  t h e  v i t a l  processes ofcosmonauts on prolonged space f l i g h t s  

by t h e  use of terrestrial  p lan ts .  It  w i l l  be  noted, by t h e  way, t h a t  t h e  

problems of c r e a t i n g  closed a r t i f i c i a l  systems f o r  t h e  cyc les  of matter are 

of p r a c t i c a l  importance, n o t  only on space t r i p s  and p lane tary  s t a t i o n s .  

Such systems w i l l  f i n d  a p p l i c a t i o n  a l s o  under t e r r e s t r i a l  condi t ions - for 
example, t o  i n c r e a s e  the  autonomy and dura t ion  of submarine navigat ion and i n  

o ther  ways. 
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The Founders of Space Navigation on 

Plant-Growing i n  the  Cosmos 

I n  examining the  p re sen t  state of t h e  problem of plant-growing i n  space,  

i t  is  n a t u r a l  t h a t  we recall  b r i e f l y  how the  s o l u t i o n  appeared t o  t h e  

founders of space navigat ion.  

I n  h i s  work, K. E. Tsiolkovskiy,  us ing  contemporary d a t a  of b i o l o g i c a l  

and o ther  r e l a t e d  sc i ences ,  made the  f i r s t  ca l cu la t ions  of p l a n t  p roduc t iv i ty  

and determined the  dimensions of t he  space required t o  c u l t i v a t e  p l a n t s  i n  

a spacecraf t .  H e  ca l cu la t ed  t h a t  p e r  1 m of su r face  which is normal 

(perpendicular)  t o  the  inc idence  of s o l a r  r ays  the re  are 43.2 kca l  d a i l y .  

P l a n t s ,  however, are capable  of u t i l i z i n g  up t o  5% of  t he  s o l a r  energy, t h a t  

is, 2160 cal  d a i l y .  Using thermochemical da t a  on t h e  c a l o r i f i c  a b i l i t y  of 

var ious  products  of vege tab le  o r i g i n ,  K. E. Tsiolkovskiy determined t h a t  t h e  

d a i l y  supply of p o t e n t i a l  energy on one m e t e r  of area i l lumina ted  by t h e  sun 

is  equiva len t  t o  0.5 kg of f l o u r ,  or  4 kg of c a r r o t s ,  o r  5 kg of cabbage, . 

or  0.6 kg of sugar ,  o r  more than 0.5 g of r i c e .  

2 

Turning t o  t r o p i c a l  a g r i c u l t u r e ,  K. E. Tsiolkovskiy writes t h a t  one 

hec ta re  of a banana p l a n t a t i o n  y i e l d s  up t o  25,000 poods of bananas cor- 

responding t o  0.11 kg per  day on one square meter of area. 

s i d e r  t h a t  t he  Ear th  i s  covered by clouds and a t h i c k  l a y e r  of a i r  and w a t e r  

vapor, t h a t  n igh t  comes and t h a t  t he  s o l a r  rays  f a l l  ob l ique ly ,  t h a t  t h e  

amount of carbon d ioxide  is considerably less than opt imal ,  and t h a t  t h e  

methods of c u l t i v a t i o n  i n  the  t r o p i c s  are very p r imi t ive ,  then "one must a t  

least  inc rease  tenfo ld  t h e  g i f t s  of t h e  Sun and assume the  p roduc t iv i ty  of 

one square m e t e r  i n  our a r t i f i c i a l  garden t o  be no t  less than  1.1 kilogram of 

bananas. I' 

But i f  w e  con- 

5 



The general  conclusions from t h e  c a l c u l a t i o n s  by K. E. Tsiolkovskiy 

are t h a t :  "One square m e t e r  of a greenhouse, f a c i n g  t h e  s u n l i g h t ,  is  

s u f f i c i e n t  f o r  t h e  nourishment of one person." 

However, t h i s  conclusion is  t h e o r e t i c a l .  Fee l ing  t h i s ,  K. E. Tsiol-  

' I . .  . who prevents  u s  from having a greenhouse wi th  a n  kovskiy continues:  

immense s u r f a c e  i n  a packed state,  t h a t  is ,  i n  a small volume!... W e  assemble 

i n  and remove from the  rocke t  our  hermet ica l ly  sea led  c y l i n d r i c a l  boxes wi th  

var ious  sprouts  and s u i t a b l e  s o i l . "  

The d iscuss ions  by K. E. Tsiolkovskiy on t h e  l i f e  of p l a n t s  i n  t h e  - 17 
absence of g r a v i t a t i o n  are of unquestionable i n t e r e s t .  

people w i l l  f e e l  g r a v i t y  and, f o r  several reasons,  t h i s  can be very  advan- 

tageous. 

break from t h e  abundance of f r u i t  and c o n s t i t u t e  u s e l e s s  b a l l a s t  f o r  trees, 

shrubs,  and even grasses .  Nor does g r a v i t a t i o n  i n t e r f e r e  wi th  t h e  r i s i n g  

of sap .  S t i l l ,  a l i t t l e  g r a v i t y  can be u s e f u l  t o  p l a n t s :  to  keep s o i l  and 

water i n  one p lace  and, i n  general ,  t o  maintain order." I n  another  p lace ,  he 

raises t h e  question: Where w i l l  a p l a n t  grow i n  t h e  absence of t h e  f o r c e  of 

grav i ty?  And h e  himself a t tempts  t o  answer: 

d i r e c t i o n  w i l l  b e  a matter of chance and t h e  i n f l u e n c e  of l i g h t . "  

"Neither p l a n t s  nor 

P l a n t s  w i l l  no t  need t h i c k  t runks and branches which f requent ly  

"In a l l  p r o b a b i l i t y ,  i t s  

K. E. Tsiolkovskiy sees c l e a r l y  t h a t  t h e s e  are t h e o r e t i c a l  cons t ruc t ions ,  

and t h e  c a l c u l a t i o n s  must b e  v e r i f i e d  and confirmed i n  experiments c a r r i e d  

out  on Earth.  

p r a c t i c a l  methods f o r  man's r e s p i r a t i o n  and n u t r i t i o n  i n  i s o l a t e d  space". 

H e  o u t l i n e s  a program of  i n v e s t i g a t i o n s  on t h e  Ear th  preceding f l i g h t s  i n t o  

space: 

adequate f o r  man wi th  r e s p e c t  t o  r e s p i r a t i o n  and n u t r i t i o n ;  i t  i s  p o s s i b l e  

t o  f i n d  and test p l a n t s  s u i t a b l e  f o r  this purpose." 

f i n d  i n d i c a t i o n s  of t h e  n e c e s s i t y  t o  i n v e s t i g a t e  t h e  l i g h t  regime i n  space 

c u l t i v a t i o n ,  ways t o  combat p e s t s ,  p l a n t  d i s e a s e s ,  and o t h e r s .  

"In addi t ion ,  i t  i s  e n t i r e l y  p o s s i b l e  t o  develop and test  

To determine t h e  smallest s u r f a c e  i l lumina ted  by s o l a r  rays  which i s  

I n  another  place,  w e  

6 
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And now, more than ha l f  a century a f t e r  K. E. Tsiolkovskiy s a w  the  

forthcoming space t r a v e l  with as ton i sh ing  c l a r i t y ,  one i s  amazed a t  t h e  

except iona l  i n s i g h t  of h i s  mind. 

With s u r p r i s i n g  p rec i s ion ,  he a l s o  determined h i s  r o l e  and p l ace  i n  the  

g r e a t e s t  problem of t h e  egress of man i n t o  space: 

arise: thought,  f an ta sy ,  tales. S c i e n t i f i c  c a l c u l a t i o n  fol lows them. And 

then f i n a l l y  f u l f i l l m e n t  crowns t h e  thought. My works on space travels 

belong t o  t h e  middle phase of creat ion".  

t he  r o l e  of a choirmaster." 

so lve  the  problems presented by m e ,  and more knowledgeable and experienced 

technic ians  w i l l  he lp  t o  c r e a t e  the  spacec ra f t  i t s e l f  .I1 

" F i r s t  t hese  inev i t ab ly  

And f u r t h e r :  "I th ink  of playing 

"People more knowledgeable and s t ronge r  w i l l  

Assume today w e  have the  resources  t o  determine and t o  c a l c u l a t e  more 

accu ra t e ly  the  dimensions of t h e  necessary space garden, and assume w e  a t  

present  know f a r  more about man's n u t r i t i o n a l  requirements.  

t h e  d iscuss ions  of K. E. Tsiolkovskiy appear t o  be somewhat naive,  and our  

f i g u r e s  e s s e n t i a l l y  d i f f e r  from those used by him, neve r the l e s s ,  t h e  grea tness  

of h i s  i dea ,  h i s  genera l  concepts and b a s i c  methodical approach - i.e., 

s tudying the  da t a  on s o l a r  energy and on man's requirements f o r  l i f e  - remains 

a s t a b l e ,  s o l i d  approach. K. E. Tsiolkovskiy became the a c t u a l  choirmaster 

i n  the mastery of space wi th  r e spec t  t o  the  problems of space plant-growing. 

Even i f  some of 

Alongside the  name of Tsiolkovskiy,  t he re  w i l l  a l s o  remain i n  the h i s t o r y  

of sc ience  the  name of h i s  fol lower and f r i e n d ,  v e r s a t i l e  researcher  and 

t a l en ted  engineer ,  F r i ed r ikh  Arturovich Tsander, f o r  h i s  important con t r ibu t ion  

t o  the  t h e o r e t i c a l  problems of a s t ronau t i c s .  

t h e  establ ishment  of t h e o r e t i c a l  p r i n c i p l e s  f o r  designing j e t  engines.  A t  

t he  s a m e  t i m e ,  F. A. Tsander is an  eminent p r a c t i c a l  engineer .  H e  ca r r i ed  

out  many i n v e s t i g a t i o n s  i n  t h e  search  f o r  high-powered s o l i d  f u e l  f o r  rocke ts .  

H e  designed and b u i l t  t he  f i r s t  j e t  engines ,  and he worked out  a number of 

o ther  problems. 

- 18 

H e  cont r ibu ted  a g r e a t  d e a l  t o  
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Sharing t h e  i d e a  of K. E. Tsiolkovskiy on t h e  u t i l i z a t i o n  of terrestrial 

p l a n t s  f o r  l i fe -suppor t  condi t ions  during p r o t r a c t e d  space travels, F. A. 

Tsander methodically performed i n v e s t i g a t i o n s  on the growth of vegetables  

i n  greenhouses where, i n s t e a d  of s o i l ,  charcoa l  w a s  used w i t h  human excrement 

se rv ing  as f e r t i l i z e r .  

A s  f a r  back as 1926, F. A. Tsander conceived of w r i t i n g  and publ ishing 

a book under t h e  name "Fl ights  t o  Other P l a n e t s ;  F i r s t  Step i n t o  Boundless 

World of Space". To our  r e g r e t ,  t h i s  book remained unwri t ten.  I n  t h e  

a rch ives  w a s  only an ex tens ive  t a b l e  of conten ts  (summary) of t h e  pro jec ted  

work. The eleventh incomplete chapter  of t h i s  book bears  t h e  heading, 

Greenhouses as Light  as Airplanes and a Cycl ic  Process t o  Support L i f e  Under 11 

Hermetically Sealed Conditions on an I n t e r p l a n e t a r y  Spacecraf t ,  on a n  I n t e r -  

p lane tary  S t a t i o n ,  on t h e  Moon, and on Other P l a n e t s  Possessing an  Atmosphere." 

The contemplated contents  of t h i s  chapter  are so  i n t e r e s t i n g  t h a t  w e  

consider  i t  our duty t o  give i t  i n  its e n t i r e t y :  

"1. The amount of oxygen needed f o r  brea th ing ,  t h e  amount of exhaled 

carbon dioxide;  ob ta in ing  oxygen from t h e  greenhouse, u t i l i z a t i o n  of carbon 

d ioxide  f o r  t h e  greenhouse. 

greenhouse and t h e  l i v i n g  q u a r t e r s .  

Designs f o r  s e p a r a t i n g  and connecting t h e  

2. Amount and composition of d a i l y  food requirements.  

3 .  Growth of p l a n t s  i n  pure oxygen and 

a)  i n  f e r t i l i z e d  crushed charcoal ;  

b) i n  n u t r i t i v e  l i q u i d ;  

c) i n  space,  i n  which a n u t r i t i v e  l i q u i d  i s  sprayed; 

d) i n  cases when t h e  n u t r i t i v e  l i q u i d  i s  supplied t o  the  r o o t s  

wi th  a dropper. 

4. Prepara t ion  of f e r t i l i z e r  and n u t r i t i v e  s o l u t i o n ;  a p p l i c a t i o n  of - 19 
t h e  sewage a e r a t i o n  method. 
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5. Experiments c a r r i e d  ou t  up t o  the  present .  

6 .  F i r s t  experiments performed by the  author .  

7. Construct ions and c a l c u l a t i o n  f o r  a i rproof  c lo th ing .  

8. U t i l i z a t i o n  of w a s t e  m a t t e r  f o r  feeding b i r d s ,  f i s h ,  and animals." 

Thus, the  founders of rocke t  technology and space naviga t ion  gave us 

n o t  only the  theory f o r  bu i ld ing  i n t e r p l a n e t a r y  spacecraf ts and the  theory 

of c a l c u l a t i n g  i n t e r p l a n e t a r y  t r a v e l s ,  bu t  a l s o  l a i d  t h e  foundat ion f o r  a 

p r a c t i c a l  s o l u t i o n  t o  the  most important problems of t h e  l i fe -suppor t  of 

man during p ro t r ac t ed  space t r a v e l  o r  during a s t a y  on o ther  p l ane t s .  

A L i t t l e  About t he -Sca le  of Space 

I n  order  t o  e l u c i d a t e  t h e  a d v i s a b i l i t y  of bu i ld ing  areas f o r  growing 

p l a n t s  on t h e  spacec ra f t ,  w e  would remind t h e  reader  of some d a t a  on the  

d i s t ances  which spacec ra f t  have t o  t r a v e l  and the  v e l o c i t i e s  which have t o  

be developed on space f l i g h t s  and, as a r e s u l t  of t h i s ,  t he  dura t ion  of 

space t r a v e l s .  

The s o l a r  system c o n s i s t s  o f  nine  p l ane t s :  Mercury, Venus, Ear th ,  Mars, 

J u p i t e r ,  Saturn,  Uranus, Neptune, and P lu to  (Figure 1). 

Af te r  man has landed on t h e  n e a r e s t  c e l e s t i a l  body - t h e  Moon - f l i g h t s  

w i l l  be  made t o  mose d i s t a n t  p l a n e t s  and c e l e s t i a l  bodies  having l a r g e r  

dimensions - t o  M a r s  o r  Venus. It must be noted t h a t  t h e r e  is  a b a s i s  f o r  

assuming t h e  presence of l i f e  on Mars. 

A t  the  most favorable  t i m e ,  the  d i s t a n c e  from the  Ear th  t o  Mars i s  80 

m i l l i o n  km., and t o  Venus - 40 mil l ion  km. 
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Figure 1. Arrangement of o r b i t s  i n  t h e  
movement of p l a n e t s  of t h e  s o l a r  system. 
Figures i n d i c a t e  t h e  average d i s t a n c e s  
from t h e  Sun i n  m i l l i o n s  of ki lometers .  

Thus, t e n s  and hundreds 

of m i l l i o n s  of ki lometers  are 

t h e  d i s t a n c e s  t h e  spacecraf ts 

have t o  travel t o  reach t h e  

neighboring p l a n e t s .  

Which v e l o c i t i e s  are t o  

b e  given t o  t h e  s p a c e c r a f t s  

launched i n  order  f o r  them t o  

reach t h e i r  f i n a l  g o a l -  t h e  

neighboring p l a n e t s ?  I n  cos- 

monautics, as is  genera l ly  

known, t h r e e  space v e l o c i t i e s  

are d is t inguished:  t h e  f i r s t ,  

second, and t h i r d .  The f i r s t  

space v e l o c i t y  (sometimes 

c a l l e d  c i r c u l a r )  i s  equal  t o  7.2 km/sec. A t  such a v e l o c i t y ,  t h e  launched 

rocket  w i l l  travel i n  a c i r c u l a r  o r b i t  around t h e  Earth due t o  t h e  balancing 

of t h e  f o r c e  of terrestrial  g r a v i t y  ( f o r c e  of weight) and t h e  c e n t r i f u g a l  

force.  With an i n c r e a s e  i n  t h e  i n i t i a l  v e l o c i t y ,  t h e  o r b i t  of t h e  s p a c e c r a f t  

begins t o  expand, and changes from a c i r c u l a r  t o  an  e l l i p t i c a l  o r b i t .  A t  an 

i n i t i a l  v e l o c i t y  of 11.2 kmlsec (second space v e l o c i t y )  t h e  f l i g h t  t r a j e c t o r y  

changes from a closed f i g u r e  - an  e l l i p s e  - t o  an open hyperbola,  and t h e  

rocke t  w i l l  leave t h e  sphere of primary i n f l u e n c e  of terrestrial gravi ty .  

Leaving t h e  sphere of primary inf luence  of t h e  Ear th ' s  g r a v i t y ,  t h e  

s p a c e c r a f t  w i l l  e i t h e r  e n t e r  t h e  sphere of t h e  Sun's g r a v i t a t i o n a l  e f f e c t ,  

and then become i t s  sa te l l i t e ,  o r  w i l l  f a l l  under t h e  inf luence  of t h e  

primary g r a v i t a t i o n a l  f o r c e s  of some o t h e r  p l a n e t ,  and w i l l  then approach i t .  

A t  t h e  rocke t ' s  i n i t i a l  v e l o c i t y  of 16.7 kmlsec ( t h i r d  space v e l o c i t y )  

i t  w i l l  escape from t h e  a c t i o n  of s o l a r  g r a v i t y ,  and w i l l  leave t h e  s o l a r  

system forever .  
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S p e c i a l i s t s  have c a l c u l a t e d  t h a t  f o r  a successfu l  f l i g h t  t o  Mars t h e  

s p a c e c r a f t  must b e  acce lera ted  up t o  11.5-11.7 kmlsec. 

Venus, t h e  speed must b e  n o t  less than 11.5 km/sec. Travel t o  these  p l a n e t s  

i n  t h e  most advantageous t r a j e c t o r y  ( in  terms of a minimal consumption of 

f u e l )  w i l l  t ake  about 300 days t o  Mars, and 130-140 days t o  Venus. 

For a f l i g h t  t o  

A simple arithmetic c a l c u l a t i o n  shows t h a t  providing t h e  cosmonauts wi th  

a l l  t h e  requirements e s s e n t i a l  t o  l i f e  (air ,  food, and water) by us ing  

s u p p l i e s  taken from t h e  Ear th  is a h ighly  complex m a t t e r .  F i r s t ,  t h e  requi red  

r e s e r v e s  of a i r ,  w a t e r ,  and food f o r  such prolonged travels are very  heavy. 

Second, they r e q u i r e  l a r g e  s t o r a g e  f a c i l i t i e s  on board t h e  spacecraf t .  Third,  /11 
n o t  a l l  food products can b e  preserved during a p r o t r a c t e d  f l i g h t .  Fourth,  

t h e  packing of t h e  products ,  r e s e r v e s  of w a t e r  and a i r  (assuming c y l i n d e r s  

w i t h  compressed oxygen) is  a u s e l e s s  load whose l i f t i n g  i n t o  space r e q u i r e s  

a l a r g e  amount of energy. 

wi th  Yu. A .  Gagarin (weight of s p a c e c r a f t  without  t h e  l a s t  s t a g e  of t h e  

r o c k e t - c a r r i e r ,  4725 kg) s ix  engines w e r e  opera t ing  a t  a t o t a l  capac i ty  of 

20 m i l l i o n  hp, o r  more than 4200 hp p e r  each kilogram of u s e f u l  load.  F i n a l l y ,  

no matter  how l a r g e  t h e  reserves on board t h e  s p a c e c r a f t ,  they are n o t  in- 

f i n i t e .  I n  t h e  case of a de lay  i n  space,  a shortage of s u p p l i e s  would have a 

d i s a s t r o u s  e f f e c t .  These cons idera t ions  compel us  t o  look f o r  new ways of 

providing cosmonauts wi th  t h e  requi red  food, a i r ,  and water during prolonged 

i n t e r p l a n e t a r y  t r a v e l s .  

W e  must recall  t h a t  f o r  launching t h e  s a t e l l i t e  

Several methods f o r  t h e  regenera t ion  of w a t e r  and a i r  on board t h e  

s p a c e c r a f t  using physicochemical procedures have been suggested,  discussed 

and experimental ly  v e r i f i e d .  However, physicochemical methods of regenera t ing  

w a t e r  and a i r  r e q u i r e  s t o c k s  of reagents  which a l s o  have weight and occupy 

space. I n  a d d i t i o n ,  i f  t h e  system f o r  regenera t ing  water and a i r  is  based on 

t h e  a p p l i c a t i o n  of some substances kept  i n  s tock ,  t h e  use of such a system 

would always l i m i t  t h e  t i m e  of t h e  space journey. Consequently, t h e  unfore- 

seen prolongat ion of t h e  voyage i s  f raught  w i t h  s e r i o u s  consequences. I n  

addi t ion ,  physicochemical methods f o r  regenera t ing  w a t e r  and a i r  r e q u i r e  

considerable  amounts of energy which a t  present  is extremely d i f f c u l t  t o  
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provide.  It can b e  surmised t h a t ,  u n t i l  a n  a i r b o r n e  atomic electric power 

s t a t i o n  i s  i n s t a l l e d ,  i t  is  doubt fu l  whether physicochemical methods could 

be s u c c e s s f u l l y  u t i l i z e d  t o  a f u l l  ex ten t .  

All the  above sugges ts  t h a t  the  most r e l i a b l e  method f o r  providing 

cosmonauts w i t h  air ,  w a t e r ,  and food would b e  c u l t i v a t i o n  of  au to t rophic  

p l a n t  organisms. 

P l a n t s  absorb carbon dioxide-from t h e  a i r ,  and l i b e r a t e  oxygen. During 

t h e  t r a n s p i r a t i o n  process ,  they evaporate  a s i g n i f i c a n t  amount of w a t e r  of 

a q u a l i t y  n e a r l y  equiva len t  t o  t h a t  of d i s t i l l e d  w a t e r .  By using processed 

products of man's b i o l o g i c a l  func t ions ,  p l a n t s  w i l l  recreate food f o r  t h e  

cosmonauts. 

Recently, i n  a number of f o r e i g n  publ ica t ions ,  r e p o r t s  have appeared on 

bui ld ing  nuclear  engines f o r  s p a c e c r a f t s  i n  t h e  near  f u t u r e .  With t h a t  

kind of energy i n s t a l l a t i o n ,  one could a n t i c i p a t e  t h e  development of space 

speeds of t h e  o r d e r  of 30-45 km/sec. Thus, t h e  t i m e  f o r  t h e  f l i g h t  t o  t h e  

n e a r e s t  p l a n e t s  would b e  shortened by n e a r l y  one order  of magnitude. For 

example, ins tead  of 130 days t o  Venus, i t  could be reached i n  13-15 days. 

Travel t o  Mars would take  30-35 days,  ins tead  of 300 days. 

- /12 

A s  such speeds i t  hard ly  would be expedient t o  equip t h e  spacecraf t  with 

a system f o r  t h e  regenera t ion  of a i r ,  water, and food by using p lan ts .  It 

i s  obvious t h a t  f o r  30-50 days t h e  required s t o c k  would b e  used without any 

d i f f i c u l t y  . 

However, t h e  n e c e s s i t y  of bu i ld ing  a system using p l a n t s  f o r  t h e  l i f e -  

support  of man s t i l l  e x i s t s  i n  t h i s  case, s i n c e  p l a n t s  are needed on p lane tary  

s t a t i o n s .  It is t r u e  t h a t  on t h e  p l a n e t s ,  as compared wi th  t h e  spacecraf t ,  

t h e  condi t ions  f o r  bu i ld ing  and opera t ing  c u l t i v a t i o n  rooms a r e  d i f f e r e n t :  

t h e  ques t ion  concerning t h e  r i g i d  requirements f o r  weight and dimensions no 

longer  arises, because weight lessness  disappears .  A l l  t h e  o t h e r  problems 
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remain complex. However, the  bu i ld ing  of atomic engines f o r  cosmic f l i g h t s  

i s  s t i l l  remote. Meanwhile, w e  s h a l l  i nves t iga t e :  

What Does a Man-Need f o r  L i f e  and Work? 

Any phys io logica l  process  i n  the  human organism (a l so  i n  animals),  

whether i t  is brea th ing ,  t h e  opera t ion  of the  h e a r t ,  p e r i s t a l s i s  of t he  

i n t e s t i n a l  tract  o r  any o the r  process  r e q u i r e s  t h e  consumption of a d e f i n i t e  

amount of energy. 

r e s t i n g  p o s i t i o n  is c a l l e d  b a s a l  metabolism. 

The energy consumed by t h e  human organism i n  a f u l l y  

The energy consumption by the  organism i s  uusa l ly  expressed i n  c a l o r i e s .  

The consumption of energy f o r  b a s a l  metabolism is  sub jec t  t o  dev ia t ions .  

There are many reasons f o r  t he  devia t ions :  t he  s ta te  of t he  nervous system, 

the a c t i v i t y  of the  endocrine and enzymatic systems, and many o the r  systems. 

On the  average, f o r  a hea l thy  m a l e ,  25-30 years  old and of 65-70 kg weight,  

the  va lue  of b a s a l  metabolism is  1700 kca l  d a i l y .  In t ake  of food inc reases  

t h e  consump t i o n  of energy by 10-15%. 

Various kinds of a c t i v i t y  - t h e  opera t ion  of muscles, mental and 

phys ica l  work r equ i r ing  l a r g e  exe r t ion  - i nc rease  the  consumption of energy 

by t h e  organism. The energy consumption inc reases  with t h e  d i f f i c u l t y  of t he  

work. It is  considered t h a t  the d a i l y  consumption of energy by man i n  men- 

t a l  o r  phys ica l  work of average exe r t ion  i s  about 3000 kca l .  

W e  should recall  t h a t  K. E. Tsiolkovskiy,  using t h e  d a t a  a v a i l a b l e  t o  

him a t  t h a t  t i m e ,  determined t h a t  t he  d a i l y  consumption of energy by man 

s e t t i n g  out  f o r  space t r a v e l  w a s  3000 kca l .  La te ly ,  information has  been 

obtained i n d i c a t i n g  t h a t  f o r  a prolonged space f l i g h t  man r e q u i r e s  a smaller 
113 amount of energy. The amounts of energy requi’red f o r  cosmonauts are de- - 

termined as 2800, 2500, and even 2200 kca l  d a i l y .  

The energy f o r  a man’s v i t a l  a c t i v i t y  is suppl ied by food. I n  any 

organism, continuous processes  occur wi th  t h e  b i o l o g i c a l  ox ida t ion  of 
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carbohydrates,  fats, and p r o t e i n s  found i n  food. Oxidation most f requent ly  

y i e l d s  carbon d ioxide  and water, and t h e  re leased  energy i s  used by t h e  

organism f o r  t h e  formation of high energy compounds, mainly, adenosine 

t r iphosphate  (ATP). P a r t  of t h e  energy i s  converted t o  h e a t  and i s  d i s s i p a t e d .  

The energy accumulated i n  ATP and o t h e r  h igh  energy compounds is trans- 

f e r r e d  i n  a complex way ( a s  y e t  n o t  c l a r i f i e d )  t o  those p a r t s  of t h e  organism 

where i t  i s  needed and used f o r  v a r i o u s  phys io logica l  processes .  

P r o t e i n s ,  f a t s ,  and carbohydrates c o n s t i t u t e  t h e  b a s i c  n u t r i e n t s  of man. 

Most wholesome food should inc lude  t h e  necessary amounts of amino a c i d s ,  

vi tamins,  and mineral  substances.  

The requirement of t h e  human organism f o r  p r o t e i n  i s  determined by the  

i n t e n s i t y  of t h e  processes  i n  t h e  organism w i t h  t h e  r e s t o r a t i o n  of t i s s u e s .  

It depends on t h e  age,  growth, sex,  i n d i v i d u a l  c h a r a c t e r i s t i c s  of t h e  

organism, and a l s o  on t h e  a c t i v i t y  of man. It is considered t h a t ,  on t h e  

average, a man can l i m i t  himself t o  a norm of 1.1-1.3 g of p r o t e i n  per 

kilogram of body weight. Consequently, a man of 70 kg weight must take  i n  

80-100 g pro te in .  

It i s  known t h a t  some amino a c i d s  cannot be synthesized i n  t h e  organism. 

They have t o  b e  introduced i n  a f in i shed  s ta te  wi th  food. 

u t i l i z e s  t h e  amino a c i d s  introduced with food f o r  t h e  formation of var ious  

pro te ins ,  enzymes, hormones, and o t h e r  substances.  Amino a c i d s  which are 

n o t  produced by t h e  organism are termed indispensable .  These include:  

methionine, l y s i n e ,  tryptophan, phenylalanine,  l e u c i n e ,  i so leuc ine ,  threo- 

nine,  and va l ine .  

The organism 

The indispensable  amino a c i d s ,  i n  a d d i t i o n  t o  p a r t i c i p a t i o n  i n  t h e  

s y n t h e s i s  of p r o t e i n s ,  p lay  an important r o l e  i n  a number of phys io logica l  

processes of t h e  organism. Thus, l y s i n e ,  tryptophan, and a r g i n i n e  p a r t i c i p a t e  

i n  t h e  growth process ,  while  phenylalanine provides normal opera t ion  of t h e  

thyroid,  adrena l ,  and o t h e r  glands. 
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According t o  modern concepts,  t he  d a i l y  requirement f o r  ind ispensable  

amino ac ids  i n  the  human organism is  31  g. 

Fa t s ,  l i k e  p r o t e i n s ,  are a necessary component of t h e  d i e t  of man. They 

are components of a l l  p a r t s  and t i s s u e s  of man, and they r ep resen t  an  important 

energy source. Ordinar i ly ,  f a t s  are divided i n t o  two,ca tegor ies :  proto- 

plasmatic ,  which are components of c e l l u l a r  s t r u c t u r e ,  and reserve f a t s  which 

are put  a s i d e  by t h e  organism and mobilized by the  l a t t e r  when necessary.  

/14 

F a t s  of var ious  o r i g i n s  d i f f e r  from each o the r  i n  terms of q u a l i t y  and 

phys io logica l  ac t ion .  Their  main d i f f e rence  is a t t r i b u t e d  t o  the  p rope r t i e s  

of t h e  f a t t y  ac ids  i n  t h e i r  composition. Fa t s  of animal o r i g i n  conta in  

mainly sa tu ra t ed  f a t t y  ac ids :  s t e a r i c ,  pa lmi t i c ,  lact ic ,  and o the r s .  F a t s  

of vege tab le  o r i g i n  conta in  unsa tura ted  f a t t y  a c i d s  which have double bonds 

between t h e  ad jacent  carbon atoms. Among the unsaturated f a t t y  ac ids ,  t he  

most f requent ly  found are: o l e i c ,  l i n o l e i c ,  l i n o l e n i c ,  and o the r  ac ids .  

Unsaturated f a t t y  ac ids  p lay  an important r o l e  i n  t h e  f a t  metabolism of 

the organism, i n  t h e  p re se rva t ion  of t h e  e l a s t i c i t y  of t h e  blood v e s s e l s ,  and 

i n  the  decrease of blood v e s s e l  permeabi l i ty .  

According t o  modern s c i e n t i f i c  concepts on n u t r i t i o n ,  a man must take  

I n  terms of c a l o r i e s ,  t h i s  i s  about 30% of the  i n  80-100 g of f a t s  d a i l y .  

d a i l y  quota f o r  man. 

I n  a d d i t i o n  t o  t h e i r  importance as f a r  as energy and metabolism are 

concerned, f a t s  are a l s o  important  s i n c e  they conta in  a number of substances 

which f u l f i l l  an  important b i o l o g i c a l  r o l e  i n  the  organism. 

substances,  t h e  group of phosphatides should be  noted. Phosphatides are 

present  i n  a l l  c e l l s  of t h e  organism. 

processes  and maintain the  permeabi l i ty  of t h e  c e l l u l a r  membranes on t h e  

proper l e v e l .  

c h o l e s t e r o l  metabolism and act  as a prophylac t ic  medium a g a i n s t  

Among such 

They ensure t h e  c e l l u l a r  metabolism 

The f a t s  a l s o  con ta in  var ious  s t e r o l s ,  which normalize the  
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a r t e r i o s c l e r o s i s .  

which t h e  organism i s  subjected t o  a number of  d i s o r d e r s .  

They a l s o  conta in  o t h e r  substances i n  t h e  absence of 

The main source of energy i n  man's d i e t  are carbohydrates.  Not less 

than h a l f  of t h e  c a l o r i e s  i n  food are secured a t  t h e  expense of  carbohydrates.  

A s i g n i f i c a n t  p a r t  o f  t h e  carbohydrates introduced i n t o  t h e  organism under- 

goes rap id  oxida t ion  t o  carbon d ioxide  and water w i t h  t h e  release of a con- 

s i d e r a b l e  amount of energy (approximately 4.1 k c a l  i n  t h e  oxida t ion  of 1 g 

of carbohydrate) which i s  used f o r  d i f f e r e n t  phys io logica l  processes.  

Some carbohydrates are so luble ,  and some insoluble .  Sugars belong t o  t h e  

f i r s t ,  and s t a r c h  t o  t h e  second group. 

Sugars are r a p i d l y  u t i l i z e d  by t h e  organism. The sugars  most widely 

found i n  foods are: glucose,  saccharose,  l a c t o s e ,  and f r u c t o s e .  P e c t i n  

substances are c l o s e  t o  carbohydrates i n  terms of t h e i r  chemical composition 

and proper t ies .  

l a t t e r  p a r t i c i p a t e  i n  the  metabolism of food and they s t i m u l a t e  t h e  work of 

t h e  i n t e s t i n e .  

Vegetables have a high content  of p e c t i n  substances.  The 

The d a i l y  d i e t  depends on t h e  charac te r  and e x e r t i o n  of t h e  phys ica l  - / 15 

e f f o r t s  of man. It i s  bel ieved t h a t  brainwork and automatic phys ica l  l abor  

requi re  a d a i l y  d i e t  containing 350-400 g of carbohydrates.  

For t h e  normal development and the v i t a l  a c t i v i t y  of organisms, food must 

conta in  vi tamins,  i n  a d d i t i o n  t o  p r o t e i n s ,  f a t s ,  carbohydrates,  mineral  salts, 

and water. 

Vitamins are v a r i e d  depending on t h e i r  chemical n a t u r e ,  and are needed 

by t h e  organism f o r  t h e  formation of enzymes and hormones f o r  t h e  s t imula t ion  

of var ious  biochemical processes ,  etc. 

The absence o r  def ic iency  of vi tamins i n  food produces var ious  kinds of 

d i s o r d e r s  and d i s e a s e s  (scurvy, b e r i b e r i ,  p e l l a g r a ,  and o t h e r s ) .  
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On the  average, f o r  an a d u l t  person t h e  d a i l y  quota of vi tamins t o  

be  introduced i n t o  the  organism is: 

Vitamin A 1.5 mg 

2.0 mg 1 Vitamin B 

2.5 mg 2 Vitamin B 

2.0 mg 6 Vitamin B 

Vitamin PP 15.0 mg 

Vitamin C 70.0 mg 

The norms f o r  the  remaining vi tamins have as y e t  no t  been e s t ab l i shed .  

These vi tamins are present  i n  normal d a i l y  d i e t s  and, o r d i n a r i l y ,  wi th  

normal n u t r i t i o n  no avi taminosis  is observed. 

I n  a d d i t i o n  t o  vi tamins,  i t  is  necessary t h a t  an adequate amount of 

mineral  substances should be introduced wi th  food. 

Ordinar i ly ,  a l l  mineral  salts found i n  the  organism are divided i n t o  

macroelements and microelements. The macroelements include those sal ts  

whose content  i n  the  t i s s u e s  i s  expressed i n  percents  o r  f r a c t i o n s  of a 

percent  (calcium, phosphorus, potassium, sodium, magnesium, ch lo r ine ,  s u l f u r ) .  

The microelements inc lude  salts found i n  t i s s u e s  i n  amounts less than a 

hundredth of a percent .  The most important are: copper, z inc ,  coba l t ,  

manganese, iod ine ,  f l u o r i n e ,  and o the r s .  I r o n  occupies an  in te rmedia te  

pos i t i on .  

W e  s h a l l  no t  dwell  on t h e  phys io logica l  r o l e  of each element, bu t  s h a l l  

r a t h e r  confine ourse lves  t o  d a t a  on the  d a i l y  requirements of man f o r  the  

b a s i c  elements of mineral  n u t r i t i o n  ( see  Table) .  

- /16 

I n  add i t ion  t o  food, a man must consume r e g u l a r l y  a d e f i n i t e  amount of 

w a t e r .  Water is t h e  b a s i c  medium i n  which numerous biochemical r e a c t i o n s  

occur; 67-68% of t h e  t o t a l  weight of man is  w a t e r .  
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Daily human requirements f o r  mineral  salts ( i n  mg) 

Macroelements Microelements 

Calcium 800-1000 

Phosphorus 15  00-16 00 

Magnesium 500-600 

Potassium 2000-3000 

Sodium 4000-6000 

Chlorine 4000-6000 

Sul fur  800-1000 

Cobalt 10 

Iodine 1-1.5 

F luor ine  1 

Copper 2 

Zinc 5-10 

I ron  15  

The human organism con t ro l s  t h e  degree of hydra t ion  of i nd iv idua l  organs 

and t i s s u e s ,  and c l o s e l y  regula tes  the  input  and ouput of water i n  them. 

Constant water conten t  of a l l  p a r t s  of t h e  organism is  a necessary condi t ion  

f o r  normal v i t a l  a c t i v i t y .  

s e r ious  d i so rde r s  i n  the  organism. 

A dis turbance  of t h e  normal water content  leads  t o  

Water metabolism proceeds i n  t h e  human organism q u i t e  i n t ens ive ly .  It 

has been e s t ab l i shed  t h a t ,  under a comparatively s m a l l  phys ica l  load and a t  a 

normal ambient temperature,  a man expels  da i ly  about 2.5 of w a t e r .  This 

amount inc ludes  w a t e r  secre ted  wi th  u r ine ,  wi th  excrement, as sweat, and a l s o  

with exhaled air .  

The human organism releases more w a t e r  than i t  takes  i n  wi th  food and 

f l u i d s  because, as a r e s u l t  of t he  b i o l o g i c a l  ox ida t ion  of food, i t  forms 

a d d i t i o n a l l y  about 300 m l  of w a t e r  d a i l y .  

100 g of f a t s  releases 107 m l  of w a t e r ,  100 g of carbohydrates y i e l d  55 m l ,  

and 100 g of p r o t e i n s  y i e l d  4 1  m l  of w a t e r .  I n  order  t o  maintain the  v i t a l  

a c t i v i t y  of t he  human organism, man must t ake  i n  d a i l y  t h e  same amount of 

w a t e r  as he expels .  

It i s  known t h a t  t he  oxida t ion  of 
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Daily w a t e r  balance of man of 70 ,kg weight ( i n  m l )  

Input  

In t ake  of w a t e r  wi th  food 

In take  of w a t e r  wi th  l i q u i d s  

Water from ox ida t ion  processes  

(metabolic w a t e r )  

To ta l  

700 

1500 

300 

2500 
- 

Excret ion of w a t e r  wi th  s w e a t  

Excret ion of water  by t h e  lungs 

Excret ion of water  wi th  u r ine  

Excret ion of water  wi th  f eces  
Tota l  

500 

400 

1500 

100 

2500 
- 

f o r  a l l  human processes  a r e  A s  pointed ou t  earlier, the  energy source , .  

substances absorbed as food and oxidized i n  the  organism most f requent ly  t o  

carbon d ioxide  and w a t e r .  A continuous i n t a k e  of oxygen is needed f o r  con- 

t inuous oxida t ion  processes .  Nature wisely took c a r e  of t h i s  and, during 

a prolonged evolu t ionary  process ,  c rea ted  a complete and f i n e l y  regula ted  

r e s p i r a t o r y  apparatus .  

An a d u l t  hea l thy  man i n  a r e c l i n i n g  p o s i t i o n  performs 14-16 b rea ths  

per  minute; i n  a s i t t i n g  p o s i t i o n ,  t h e  number of b rea ths  inc reases  t o  20; i n  

a s tanding  p o s i t i o n -  t o  22 b r e a t h s  pe r  minute. With phys ica l  exer t ion ,  t h e  

frequency of r e s p i r a t i o n  inc reases .  

cosmonauts during space f l i g h t s  w a s  c l o s e  t o  20. 

The number of b r e a t h s  p e r  minute by our 

- I 1 7  

About 500 m l  of air  is  o r d i n a r i l y  inhaled.  However, t h e  volume of t he  

lungs i s  considerably g rea t e r .  A f t e r  smooth inha la t ion ,  i t  i s  poss ib l e  t o  
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in t roduce  a d d i t i o n a l l y  i n t o  t h e  lungs another  1500-2000 ml of air ,  and a f t e r  

ord inary  exha la t ion  i t  is  poss ib l e  t o  exhale a d d i t i o n a l l y  1000-1500 m l  of a i r .  

Under r e s t i n g  condi t ions ,  a hea l thy  person i n h a l e s  approximately 10,000 

m l  of a i r  per  minute. 

conta ins  2000 ml of oxygen. 

t h e  lungs dur ing  i n h a l a t i o n  is absorbed by t h e  human organism. The amount of 

absorbed oxygen, corresponding t o  lung v e n t i l a t i o n ,  i s  c a l l e d  t h e  c o e f f i c i e n t  

of oxygen u t i l i z a t i o n .  I n  a r e s t i n g  state, t h i s  c o e f f i c i e n t  i s  usua l ly  equal  

t o  30-40 ml per l i t e r  of a i r  used i n  r e s p i r a t i o n .  

a h igher  c o e f f i c i e n t .  

This is c a l l e d  lung v e n t i l a t i o n .  This amount of a i r  

However, only 15-20% of oxygen introduced i n t o  

Heavy phys ica l  work g ives  

Simultaneously wi th  ensuring the organism wi th  oxygen, r e s p i r a t i o n  a l s o  

removes from the  organism carbon d ioxide  formed as a r e s u l t  of food oxida t ion .  

I n  o rde r  to  remove 1 ml of carbon d iox ide  from the  human organism, 30-45 

ml of air  must pass  through i t s  lungs. 

capac i ty .  

This va lue  is termed v e n t i l a t i o n  

The c h a r a c t e r i s t i c s  of t he  r e s p i r a t o r y  appara tus  make i t  poss ib l e  t o  

c a l c u l a t e  t h e  d a i l y  requirement of man f o r  a i r ,  oxygen, and t o  determine t h e  

r e s p i r a t i o n  c o e f f i c i e n t  ( r a t i o  of exhaled volume of carbon d ioxide  t o  the  

volume of absorbed oxygen). 

Thus, i t  is  no t  d i f f i c u l t  t o  c a l c u l a t e  t h a t  t h e  t o t a l  amount of oxygen 

This amount of a i r  conta ins  

of oxygen are absorbed 

inhaled d a i l y  by man is 14-15 thousand liters. 

about 3000 Z of oxygen, of which approximately 600 

by t h e  organism. Simultaneously, t he  r e s p i r a t i o n  c o e f f i c i e n t  i s  on the  

average equal t o  0.83. 

It must be noted t h a t  t he  c o e f f i c i e n t  of r e s p i r a t i o n  (CR) under t h e  

I n  feeding pr imar i ly  

For p r o t e i n  it is equal  t o  0.81, 

i n f luence  of d i f f e r e n t  foods may vary from 1 t o  0.71. 

wi th  carbohydrates,  t he  CR i s  equal t o  1. 

and f o r  f a t s  - 0.71. 
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It is  known t h a t  n o t  a l l  the food absorbed by man is  ass imi la ted  by t h e  

organism. 

s o l i d  and l i q u i d  s e c r e t i o n s .  

excre t ions  both depend on t h e  charac te r  of t h e  food. 

vege tab le  food) d i e t s ,  a hea l thy  person excretes d a i l y  120-180 g of feces  

(150 g average).  

All t h a t  i s  unnecessary t o  man i s  removed from t h e  organism as 

The amount and composition of s o l i d  and l i q u i d  /18 
I n  mixed ( m e a t  and 

Chemical composition of feces  from a hea l thy  person (da i ly)  

Water 

N i  tr o g en 

Phosphorus 

Potassium 

Calcium 

Magnes ium 

Sodium 

Sul fur  

F a t s  

100-120 g 

0.25-2.0 g 

200-700 mg 

7-12 mg 

400-900 mg 

5-18 meq 

1-5 meq. 

71-150 mg 

2.5-10 mg 

The amount of d i f f e r e n t  

organic  substances i s  : 1-2 g 

Among var ious  organic  substances wi th  components t o t a l i n g  about 1-2 g,  

p r e c i s e  modern methods of chemical a n a l y s i s  have determined 196 v a r i o u s  

compounds. 

The l i q u i d  e x c r e t i o n s  d a i l y  by a hea l thy  person i s  1500-2000 m l  (1800 m l  

average).  

is  dry res idue .  

ganic  substances,  16 vi tamins,  about 10 hormones, and a l a r g e  amount of vari- 

ous organic  substances have been determined i n  i t .  The t o t a l  number of vari- 

ous substances s u c c e s s f u l l y  determined i n  u r i n e  has  reached 183. 

Ordinar i ly ,  90-95% of t h e  t o t a l  amount of u r i n e  is w a t e r ,  and 5 1 0 %  

Over 30 inor-  The composition of u r i n e  i s  extremely complex. 
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Content of basic elements found i n  human u r i n e  

( c a l c u l a t i o n  based on t h e  d a i l y  amount e l iminated by one person) 

Nitrogen, t o  t a l  1 5  g 

Nitri tes 0.5 g 

Po ta s s ium 2.8 g 

Phosphorus 0.9 g 

I r o n  0.08 mg 

Calcium (CaO) 250 mg 

Magnesium 250 mg 

Sodium 4.5 g 

Sulfur  2.6 g 

Chlorides  12.5 g 

Aside from s o l i d  ( feces)  and l i q u i d  (ur ine)  e x c r e t i o n s ,  t h e  human 

organism excre tes  sweat and f a t .  Each square m i l l i m e t e r  of t h e  s k i n  s u r f a c e  

conta ins  about 120 s w e a t  glands.  Sweating is regula ted  mainly by t h e  nervous 

system and depends on both  e x t e r n a l  f a c t o r s  (temperature of medium, charac te r  

of n u t r i t i o n ,  hydrat ion of organism, and o thers )  and i n t e r n a l  f a c t o r s  ( s t a t e  

of c e n t r a l  nervous system 

d a i l y  500 m l  of s w e a t .  

and o t h e r s ) .  On t h e  average, a person secretes 

The chemical composition of sweat i s  r a t h e r  complex. Human s k i n  

excre t ions  conta in  271 components. This inc ludes  98% w a t e r ,  up t o  0.8% sodium - I 1 9  

chlor ide ,  0.05% urea ,  0.01% ammonia, n e g l i g i b l e  amounts of l ac t ic ,  c i t r i c ,  and 

a s c o r b i c  a c i d s ,  traces of potassium, calcium, magnesium, phosphorus, s u l f u r ,  

p r o t e i n  compounds, and o ther  substances.  

Another substance l o s t  by man i s  s a l i v a .  Three p a i r s  of s a l i v a r y  glands 

and s m a l l  glands loca ted  i n  t h e  mucous membrane of t h e  mouth cavi ty  produce 

saliva. An a d u l t  person secretes d a i l y  up t o  1 .5  Z of  saliva. Saliva, 

wet t ing  t h e  food, f a c i l i t a t e s  its swallowing and d iges t ion .  The chemical 

composition of saliva and its amount may vary  depending on t h e  food composi- 

t i o n  and on t h e  nervous s ta te  of t h e  organism. 

substances.  

Saliva conta ins  149 var ious  

I n  a l l ,  a man excre tes  over 400 various organic  and inorganic  

substances.  Most of t h e  substances are present  i n  human excre t ions  i n  
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n e g l i g i b l e  amounts h a r d l y  de tec ted  by t h e  most p r e c i s e  methods of modern 

chemical a n a l y s i s .  

substances do n o t  have t o  b e  considered, because wi th  s teady v e n t i l a t i o n  of 

l i v i n g  areas t h e s e  substances are s c a t t e r e d  i n  an i n f i n i t e l y  l a r g e  volume of 

atmospheric a i r .  However, i n  t h e  c r e a t i o n  of a r t i f i c i a l l y  c losed systems i n  

a l i m i t e d  volume wi th  comparatively s m a l l  amounts of air ,  human excre t ions  

may accumulate i n  n o t i c e a b l e  amounts and become toxic .  

c r e a t i o n  of c losed l i fe -suppor t  systems, i t  is necessary t o  account f o r  a l l  

human excre t ions  r e g a r d l e s s  of t h e i r  n e g l i g i b l e  amounts and take  measures f o r  

d e t o x i f i c a t i o n  of t h e  atmosphere of inhabi ted  compartments i n  c losed systems. 

Under ord inary  l i v i n g  condi t ions  on Earth,  most of t h e  

Therefore,  i n  t h e  

Thus, a person f o r  h i s  normal l i f e  and work needs a d a i l y  food r a t i o n  con- 

t a i n i n g  approximately 3000 k c a l ,  inc luding  80-100 g of p r o t e i n s ,  80-100 g 

of fats, and 350-400 g of carbohydrates.  A d i e t  must conta in  a t  least t h e  

necessary amount of a l l  indispensable  amino a c i d s ,  vi tamins,  and mineral  sa l ts .  

Dai ly ,  a man must take  i n  about 2500 m l  of w a t e r  ( including w a t e r  contained 

i n  s o l i d  food) and approximately 600-650 of oxygen. 

I n  closed areas, t h e  inhabi ted  premises should b e  f r e e  from t h e  products 

of t h e  v i t a l  a c t i v i t y  of man: 

and a l s o  o t h e r  substances.  

carbon dioxide,  s o l i d  and l i q u i d  excre t ions ,  

For graphic  i l l u s t r a t i o n ,  t h e  "input1' and "output' ' of var ious  substances 

used by man are presented i n  a diagram (Figure 2) 

To t h e s e  human requirements ( t o  t h e  "input" and "output" of var ious  

substances) should b e  added t h e  remaining l i n k s  of an  a r t i f i c i a l l y  created 

microworld, o r ,  as they say, a system containing a closed cyc le  of substances.  

The a r t i f i c i a l l y  c rea ted  cyc le  of substances on board s p a c e c r a f t  o r  on 

a p lane tary  s t a t i o n  can b e  accomplished by i m i t a t i n g ,  copying, o r  reproducing 

t h e  c y c l e  occurr ing i n  na ture .  
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O2'  
600 

Foods ,. 
2995 kcal- 

2200 m 1  ' '- 

CO,, 500 2 
. -. 

Water- . 
(through s k i n  

How is the Cycle of 

Substances Accomplished 

i n  Nature? and / r e s p i r a t i o n )  
800 m l  

\Wastes ; 
The main l i n k s  i n  

t h e  c y c l e  of matter i n  

n a t u r e  are t h e  l i v i n g  

organisms , due t o  t h e i r  \ l" 
Urine , 

1500 m l .  a b i l i t y  t o  exchange sub- 

s t a n c e s  and energy wi th  

t h e  surrounding medium. 
Figure 2. Average "input" and lloutputll of 

1 .  

substances from a man d a i l y .  

A l a r g e  v a r i e t y  of 

organic  forms appeared 

on Earth during t h e  evolut ionary development. This  d i v e r s i t y  w a s  necessary 

f o r  the  coexis tence of organisms which d i f f e r e d  w i t h  r e s p e c t  t o  t h e i r  par- 

t i c i p a t i o n  i n  t h e  c y c l e  of matter i n  t h e  biospheres .  Each l i v i n g  c r e a t u r e  

draws substances and energy from t h e  e x t e r n a l  medium and r e t u r n s  t o  t h e  

medium o t h e r  substances which are u n s u i t a b l e  f o r  support ing t h e  l i f e  of o t h e r  

ind iv idua ls  of t h e  s a m e  spec ies .  

i s  accumulated i n  the  organism, and is consumed by i t  f o r  support ing l i f e  

processes.  The remaining energy is converted t o  h e a t ,  and i s  d i s s i p a t e d .  

Part. of t h e  energy obtained from o u t s i d e  

L i f e  on Earth could and can develop only  under condi t ions  of a continuous 

c y c l e  of matter, and t h i s  is poss ib le  only under condi t ions  where organisms 

e x i s t  with d i f f e r e n t  requirements and where t h e  products  of t h e  v i t a l  a c t i v i t y  

of one group of organisms are u t i l i z e d  t o  support  t h e  v i t a l  a c t i v i t y  of /21 
another  group. 

A s  a r e s u l t  of the  long process of evolu t ion  on Earth,  two l a r g e  groups 

of organisms d i f f e r i n g  i n  t h e i r  method of n u t r i t i o n  and t h e i r  method of 

obtaining energy w e r e  formed . 
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The f i r s t  group inc ludes  photosynthesizing organisms - green p l a n t s  

and a l s o  purpura b a c t e r i a .  This  group of organisms is  termed au to t rophs  

("self-feeding") : they l ive,  feed themselves, grow, and mul t ip ly ,  using 

inorganic  salts, carbon dioxide,  and water from t h e  surrounding medium. The 

r a d i a n t  energy of t h e  Sun i s  an  energy source f o r  t h e  b iosynthes is  of t h e s e  

organisms. 

ceive energy i n  t h e  oxida t ion  of d e f i n i t e  mineral compounds by enzymatic 

systems. These organisms are c a l l e d  chemosynthetics. 

The au to t rophic  organisms a l s o  inc lude  some b a c t e r i a  which re- 

The second group (heterotrophs)  inc ludes  organisms incapable  of c r e a t i n g  

organic  substances from simple compounds. They are forced t o  feed themselves 

wi th  au to t rophic  organisms o r  dead remnants of o t h e r  organisms, and t o  ensure 

t h e i r  requirements they use  organic  substances and energy accumulated by them. 

Human beings,  a l l  animals,  fungi ,  and most b a c t e r i a  belong t o  t h e  hetero-  

t rophs.  

Heterotrophic  organisms are divided i n t o  t h r e e  subgroups on t h e  b a s i s  

of t h e i r  method of n u t r i t i o n :  

1. Organisms which swallow and assimilate food wi th  t h e  he lp  of t h e  

d i g e s t i v e  system. 

2. Organisms which absorb t h e  necessary substances d i r e c t l y  through 

t h e i r  cel ls  (saprophytes).  These include:  y e a s t s ,  mold fungi ,  and most of 

t h e  b a c t e r i a .  

decomposed remnants of p l a n t s  o r  animal products.  

Saprophytes can grow and develop only i n  t h e  presence of dead 

3 .  F i n a l l y ,  t h e  t h i r d  type of he te ro t rophic  n u t r i t i o n  inc ludes  para- 

s i t i s m .  P a r a s i t e s  l ive  on t h e  body (or ins ide)  of t h e  h o s t  organism and 

feed themselves a t  h i s  expense. They e i t h e r  swallow and d i g e s t  d e f i n i t e  

substances of t h e  h o s t  organism o r  o b t a i n  i t  d i r e c t l y  through t h e  cell  w a l l s .  
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Thus, for a complete cycle of matter on Earth, it is necessary to have 

autotrophs - producers of organic substances and two groups of organisms: 
accumulators of solar energy, transformed into the energy of chemical bonds, 
and heterotrophs - consumers of organic substances produced by the autotrophs. 
Saprophites, microorganisms destroying the organic substance of dead bodies 

of plants and animals, and converting them into a form accessible to auto- 

trophic organisms, are also necessary. 

The combined existence of these groups of organisms constitutes a com- /22 
plete association, capable of cycling matter and energy. 

association of various living organisms, considered together with the non- 

living elements of the environment, is known as an ecosystem. Ecosystems can 

be of varying complexity and size. Large forests, lakes, swamps, etc., are 

examples of ecosystems. 

This kind of 

A pond is often the classic example of an ecosystem. The nonliving 

elements of nature in this case are the water, mineral salts which are always 

present in water, as well as the gases dissolved in the water - oxygen and 
carbon dioxide. To the nonliving elements, we must add the shore and the 
bottom of the basin. Living elements of nature in such an ecosystem are the 

photosynthesizing plants which create organic matter from elements and store 

energy. 

Two kinds of photosynthesizing organisms are most frequently found in 

the basin. 

along the shore, and microscopic, often unicellular, algae found at all water 

depths reached by the Sun. The production of organic material by microscopic 

algae usually somewhat exceeds that of the large water plants. 

These are large water plants which are distributed primarily 

The consumers organisms in such an ecosystem are various insects and 

their larvae, mollusks and fish. 

Destructive organisms are the multitudinous bacteria and fungi which 

feed on dead bodies of both plants and various heterotrophic organisms and 
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convert  them i n t o  inorganic  m a t t e r ,  aga in  s u i t a b l e  f o r  u s e  by plant-  

producers. 

Among h e t e r o t r o p h i c  organisms t h e r e  are primary, secondary, and t e r t i a r y  

consumers. The f i r s t  of t h e s e  eat  p l a n t  food ( leaves,  s t a l k s ,  f r u i t ,  seeds,  

r o o t s  o r  sap of growing p l a n t s )  and are, t h e r e f o r e ,  c a l l e d  herbivores  

(phytophagous). 

food is  t h e  herbivorous animals.  

p reda tors  o r  zoophagous. 

The secondary consumers are he tero t rophic  organisms whose 

T h i s  group of organisms i s  c a l l e d  carnivorous,  

Among t h e  many r e p r e s e n t a t i v e s  of t h e  var ious  groups of he te ro t rophic  

organisms, t h e r e  are pure ly  phytophagous o r  zoophagous types  which feed 

exc lus ive ly  on p l a n t  o r  animal food. J u s t  as widely d i s t r i b u t e d  is  mixed 

feeding when one kind feeds on both p l a n t  and animal food. Man is  a member 

of t h i s  group. 

i 23 The t e r t i a r y  consumers, t h e  above-mentioned saprophytes ,  feed on t h e  - 
organic  m a t t e r  o r  dead p l a n t s  and animals. 

I n  t h i s  way a food cha in  i s  compiled. The p l a n t ,  consuming inorganic  

m a t t e r  and r a d i a n t  energy from t h e  Sun, creates organic  matter and s t o r e s  

energy. The organic  m a t t e r  of t h e  p l a n t s  and t h e  energy included i n  them 

serve as food f o r  phytophagous organisms. These are i n  t u r n  e a t e n  by 

zoophagous organisms, which use  t h e  organic  mat te r  of t h e  phytophagous and 

t h e  energy they conta in  t o  maintain t h e i r  l i f e  a c t i v i t y .  

bodies  of a l l  kinds of l i f e  are t h e  food and energy source f o r  t h e  sapophytes. 

I n  t h e  v i t a l  processes ,  these  minera l ize  organic  materials and aga in  prepare  

food elements f o r  p l a n t s .  However, phytophagous and zoophagous organisms 

a l s o  p a r t i a l l y  minera l ize  organic  materials. Man, i n  p a r t i c u l a r ,  as a 

he tero t rophic  organism r e t u r n s  approximately 80-85% of h i s  food r a t i o n  t o  

t h e  cycle .  Thus, t h e  c y c l e  i s  completed. 

F i n a l l y ,  t h e  dead 

W e  s h a l l  now observe t h e  energy cycle .  
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A s  a l ready  noted, t h e  primary source of energy f o r  a l l  organisms i s  

sunshine. 

energy of t h e  Sun which reaches t h e  s u r f a c e  of t h e  Earth.  

have es tab l i shed  t h a t  on ly  1-3% of a l l  r a d i a n t  energy from t h e  Sun is con- 

ver ted  i n t o  t h e  p o t e n t i a l  energy of growing food p l a n t s .  

s o l a r  energy i s  converted i n t o  h e a t ,  and is  d ispersed .  

l a r g e  p a r t  of p o t e n t i a l  energy contained i n  t h e  v e g e t a t i o n  e a t e n  by herbivorous 

animals i s  a l s o  converted i n t o  h e a t  and dispersed.  When t h e  herbivorous 

animal f a l l s  prey t o  t h e  carnivore,  only a s m a l l  p o r t i o n  of t h e  energy i n  

t h e  vict im's  body i s  ass imi la ted  f o r  use by t h e  consumer. 

t h e  energy is  a l s o  converted i n t o  h e a t  and, being d ispersed ,  l o s e s  i t s  va lue .  

However, l i v i n g  organisms use only  a s m a l l  p a r t  of t h e  r a d i a n t  

Numerous s t u d i e s  

A l l  remaining 

I n  a d d i t i o n ,  t h e  

The b a s i c  p a r t  of 

Thus, t h e  t r a n s f e r  of energy along t h e  food chain from one group of 

organisms t o  another is  accompanied by s i g n i f i c a n t  l o s s e s .  

t h e  photosynthesizing p l a n t s ,  a s s i m i l a t e  only 1-3% of t h e  a v a i l a b l e  s u n l i g h t .  

Succeeding l i n k s  of t h e  chain convert  energy wi th  somewhat more e f f e c t i v e n e s s  

- from 5-20%. It is  p e r f e c t l y  n a t u r a l ,  wi th  such g r e a t  energy l o s s e s  i n  the  

t r a n s f e r  from one l i n k  i n  the  chain t o  the next ,  t h a t  each succeeding l i n k  

has fewer r e p r e s e n t a t i v e s  and a smaller a l l o v e r  q u a n t i t y  of t h e  biomass. 

The f i r s t  l i n k ,  

A l l  t h e  b i o l o g i c a l  l i n k s  i n  an ecosystem can b e  represented as a pyramid 

Their with a wide base,  each succeeding l i n k  of t h e  pyramid i s  much smaller. 

s i z e  i s  5 t o  20% smaller than the  base (Figure 3 ) .  

The well-known American e c o l o g i s t ,  G. Odum, has  ca lcu la ted  t h a t  i t  takes  124 - 
8000 kg of a l f a l f a ,  produced from 20 m i l l i o n  p l a n t s ,  t o  feed calves with an 

average weight of about 1000 kg (4.5 head). 

provide enough nourishment t o  grow one boy t o  a n  age of 12 years ,  weighing 

47 kg. 

n o t  e a t  only t h e  m e a t  from these  calves. However, t h e s e  c a l c u l a t i o n s  show 

t h e  real  q u a n t i t a t i v e  r e l a t i o n  of var ious  l e v e l s  of t h e  food chain i n  eco- 

systems. 

one l i n k  t o  t h e  next ,  t h e  maximum length  of food chains  i n  ecosystems is  4-5 

l i n k s .  

The m e a t  from t h e s e  calves would 

Natura l ly ,  t h e  calves would n o t  e a t  only a l f a l f a ,  and t h e  boy would 

Evidently,  i n  view of such g r e a t  energy l o s s e s  i n  t h e  t r a n s f e r  from 
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Solar  Energy 

Figure 3 .  Ecosystem "pyramid": 
I - auto t rophic  organisms, I1 - 
hetero t rophic  phytophagous organ- 
i s m s ,  I11 - hetero t rophic  ZOO- 

phagous organisms. 

L e t  u s  t u r n  t o  consider ing t h e  

cyc le  of m a t t e r  i n  a p a r t i c u l a r  eco- 

system ( i n  our example - a pond). 

Inorganic  materials are consumed 

by au to t rophic  organisms, which con- 

vert them i n t o  organic  m a t t e r  t o  

serve as food f o r  he te ro t rophic  types. 

Then, wi th  t h e  he lp  of t h e  saprophyte 

populat ion of a given ecosystem, or- 

ganic m a t t e r  i s  aga in  decomposed i n t o  

t h e  o r i g i n a l  components of r e g u l a r  

au to t rophic  nourishment. 

However , t h e r e  i s  no c e r t a i n t y  

t h a t  t h e  atoms of var ious  compounds 

which a t  one t i m e  w e r e  used i n  t h e  b i o l o g i c a l  cyc le  of m a t t e r  w i l l  be  included 

a second t i m e .  It is r a t h e r  t o  be expected t h a t  material mineral ized by 

d e s t r u c t i v e  organisms w i l l  p r e c i p i t a t e  t o  t h e  bottom of t h e  bas in ,  t o  be 

r e l e a s e d  a t  some f u t u r e  t i m e  from t h e  c y c l e  of m a t t e r .  

I n  our pond, new p o r t i o n s  of m a t t e r  a l s o  cons tan t ly  appeared wi th  spr ing  

w a t e r ,  wi th  r a i n ,  as a r e s u l t  of wind, etc.  Thus, t h e  producer-organisms 

have new por t ions  of n u t r i t i o n a l  m a t t e r  "at hand." 

The s a m e  can b e  s a i d  f o r  carbon dioxide,  ass imi la ted  by photosynthesizing 

organisms from t h e  atmosphere. There i s  a constant  t r a n s f e r  of huge a i r  

masses, and t h e  p o s s i b i l i t y  of a second o r  more f requent  use  of t h e  s a m e  

molecules of carbon d ioxide  by l i v i n g  organisms is very  small. 
- I 2 5  

Solar  r a d i a t i o n  is  c o n s t a n t l y  flowing i n t o  our ecosystem, but  only a 

s m a l l  p a r t  of i t  is  used i n  t h e  s y n t h e t i c  a c t i v i t y  of au to t rophic  organisms. 

The remaining energy is converted i n t o  h e a t  and dispersed.  A s i g n i f i c a n t  
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q u a n t i t y  of energy i s  a l s o  dispersed i n  t r a n s f e r  t o  o t h e r  t r o p h i c  levels of 

t h e  ecosystem. 

Thus, i n  consider ing our ecosystem, w e  see t h a t  a continuous stream of 

energy and matter i s  passing through it. 

From t h e  p o i n t  of view of thermodynamics - t h e  d i v i s i o n  of physics  t h a t  

s t u d i e s  t h e  exchange of h e a t  and matter through t h e  boundaries of systems - 
our ecosystem i s  an open system, i - e . ,  one i n  which energy and mat te r  a r e  

exchanged with an e x t e r n a l  medium. 

I f  w e  consider t h e  e n t i r e  Earth as a s i n g l e  ecosystem, then we discover  

t h a t  t h e  mass of matter on t h e  Earth i s  p r a c t i c a l l y  cons tan t .  

of matter on t h e  Earth does n o t  increase  o r  decrease,  b u t  is only  transformed, 

changing from one s ta te  t o  another.  

The q u a n t i t y  

Systems which exchange energy, bu t  not  m a t t e r ,  w i t h  t h e  environment are 

c a l l e d  closed systems. 

However, i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t o  imagine a system which exchanges 

n e i t h e r  energy nor m a s s  wi th  t h e  e x t e r n a l  environment. 

W e  are c h i e f l y  i n t e r e s t e d  i n  closed systems, as i n  the  c r e a t i o n  of a 

closed cyc le  of mat ter ,  i t  is  assumed t h a t  t h e  q u a n t i t y  of matter placed i n  

a sea led  space would be constant .  Only energy i s  der ived e x t e r n a l l y .  

Only by comprehending t h e  charac te r  of t h e  b i o l o g i c a l  c y c l e  of matter 

and energy i n  n a t u r e  and understanding t h e  o b j e c t i v e  l a w s  governing t h e  

development of n a t u r a l  ecosystems, w i l l  i t  b e  p o s s i b l e  t o  l e a r n  t o  i m i t a t e  

na ture ,  t o  copy it ,  n o t  t o  mention subjugat ing it. 

It is appropr ia te  t o  remember how I. V. Michurin has  emphasized so many 

t i m e s  t h a t  man can act  i n  n a t u r e  only  as ' 'nature i t s e l f  operates ."  

scoffed a t  those who, having hardly penetrated t h e  secrets of na ture ,  shout 

H e  
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about conquering it, "exact ly  l ike  Krylov's f l y  on the horns of t h e  ox, who 

imagined he w a s  p u l l i n g  t h e  plow." 

everyday example, Michurin wrote: 

and through it I s a w  how he does some kind of work, i t  would be s i l l y  f o r  m e  

t o  shout t h a t  I had conquered my neighbor and n o t  humbly t o  rea l ize  t h a t  

because of t h e  example I had seen I could now, by us ing  t h e  methods of my 

neighbor, do t h e  job  b e t t e r  than I had done i t  before." 

I l l u s t r a t i n g  t h i s  same i d e a  by a n  

"If  I found a crack  i n  my neighbor 's  fence 

W e  have already mentioned t h a t  i t  is hard ly  p o s s i b l e  t h a t  t h e  very  same 

atom of a p a r t i c u l a r  substance p a r t i c i p a t i n g  i n  t h e  b i o l o g i c a l  cyc le  of 

matter would be used by t h e  same p l a n t s  a second t i m e .  

- /26 

A t  t h e  s a m e  t i m e ,  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  o v e r a l l  weight of 

l i v i n g  beings on our p l a n e t  hard ly  c o n s t i t u t e s  0.01% of t h e  weight of t h e  

p lane t .  But, f o r  the  many m i l l i o n s  of years  of t h e  ex is tence  of l i f e  on 

Earth,  the  t o t a l  weight of a l l  l i f e  f o r  a l l  generat ions by f a r  exceeds t h e  

weight of the  Earth.  

How could t h i s  be produced? 

Along with t h e  b i o l o g i c a l  (sometimes c a l l e d  t h e  small) cycle  of matter 

i n  na ture ,  t h e r e  i s  a geologica l  (or l a r g e )  c y c l e  of mat te r .  

It i s  known t h a t  a l a r g e  p a r t  of one of t h e  most important elements on 

Earth f o r  t h e  v i t a l  processes  of organisms, carbon, i s  found i n  rock, f o r  

example, i n  the  form of carbonates ,  l imestone and marble. Rocks, during many 

thousands of years  under t h e  inf luence  of e x t e r n a l  f a c t o r s  -wind, r a i n  and 

sun, as w e l l  as c e r t a i n  chemical elements - d i s i n t e g r a t e  and f r e e  t h e  

carbon contained i n  them, which is then included i n  t h e  b i o l o g i c a l  cycle .  

A t  t h e  same t i m e ,  i f  dead p l a n t s  a r e  under water  without  access t o  a i r ,  

where they o f t e n  experience g r e a t  e x t e r n a l  pressure ,  

decompose. 

turned i n t o  p e a t ,  brown o r  bituminous coal .  I n  t h i s  case, t h e  carbon i n  

them i s  excluded from t h e  b i o l o g i c a l  c y c l e  of m a t t e r .  

they w i l l  no t  

A number of changes occur i n  them, and t h e  former p l a n t s  can be 
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Only an  event  on a geologica l  scale, f o r  example, vo lcanic  a c t i v i t y  o r  t h e  

a c t i v i t y  of man (mining and burning of coa l ,  p e a t ,  etc.) r e s t o r e s  t h i s  carbon 

t o  t h e  sphere of a c t i v i t y  of t h e  b i o l o g i c a l  cyc le .  

I n  a similar manner, o t h e r  elements (phosphorus, potassium, calcium, 

magnesium, etc.) are withdrawn and accumulated i n  forms i n a c c e s s i b l e  t o  

l i v i n g  organisms and a l s o  re turned  t o  t h e  b i o l o g i c a l  c y c l e  as a r e s u l t  of 

geological  processes  and phenomena. 

A l l  t h a t  has  been s a i d  i n  t h i s  chapter  refers t o  n a t u r a l  processes and 

phenomena. It is  our o b j e c t ,  having considered t h e  cyc le  of matter i n  na ture ,  

t o  a s c e r t a i n  t h e  p o s s i b i l i t y  of c r e a t i n g  an  a r t i f i c i a l  system pat terned a f t e r  

and similar t o  t h e  n a t u r a l  one. I n  o t h e r  words, t o  b u i l d  a model of t h e  

n a t u r a l  cyc le  i n  an a r t i f i c i a l  closed system. 

Modeling Nature 

Man i s  always l e a r n i n g  from na ture ,  i m i t a t i n g  and c r e a t i n g  something 

s i m i l a r  t o  what he sees i n  na ture .  Ancient man f i r s t  of a l l  t h r e w  seed t h a t  

h e  had co l lec ted  from p l a n t s  onto loosened s o i l  and waited f o r  t h e  harves t ;  

he imi ta ted  nature .  

One of t h e  o l d e s t  and s imples t  examples of pure s imulat ion i s  t h e  con- 

s t r u c t i o n  of models of space.  

Since anc ien t  t i m e s  man has  drawn plans,  made maps, depicted t h e  s u r f a c e  

of t h e  p l a n e t  on a globe. 

widespread technique, used i n  many sciences.  Modern modeling i s  f i rmly  

supported i n  l o g i c  and mathematics. 

c o n t r o l  systems. 

s tudy creative na ture ,  and i m i t a t i n g  na ture  t o  create p e r f e c t  mechanisms t o  

be used by man. 

Now modeling processes  and phenomena is  a very 

Cybernetics s u c c e s s f u l l y  models var ious  

The chief  goal of t h e  young sc ience  of bionomics i s  t o  

- I 2 7  
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The progress  of sc ience  and indus t ry  makes it p o s s i b l e  t o  create more 

and more complex, p e r f e c t ,  and a c c u r a t e  models of very i n t i m a t e  processes  

and phenomena. 

poul t ry- ra i s ing  i n d u s t r y  has  long used an  incubator  t o  s u c c e s s f u l l y  s imulate  

a brood hen. 

Thus, medicine has  a t  its d i s p o s a l  "ar t i f ic ia l  lungs", t h e  

I n  ordinary l i f e ,  a t  t h e  present  t i m e ,  t h e r e  i s  no clear-cut  use  of  t h e  

term "model". 

is  c a l l e d  a model. This s a m e  term o f t e n  des igna tes  a c e r t a i n  i d e a l  s tandard 

from which o ther  examples of t h e  s a m e  type are copied. Often t h e  term model 

is  used f o r  a material reproduct ion of an  o b j e c t  o r  process  i r r e s p e c t i v e  of 

purpose - f o r  example, cons t ruc t ion  on a s m a l l  scale of pro jec ted  hydro- 

e lectr ic  s t a t i o n s ,  reproduct ion under labora tory  condi t ions of a technological  

process  of chemical product ion,  etc.  

The new cons t ruc t ion  of an  automobile, o r  some kind of machine, 

O r i g i n a l l y ,  man, modeling n a t u r a l  processes  o r  phenomena, r e l i e d  mainly 

on h i s  own i n t u i t i o n .  Relying on i n t u i t i o n ,  n o t  being guided by str ict  l o g i c  

and accura te  mathematical c a l c u l a t i o n  i s  a r i s k y  business .  The h i s t o r y  of 

c i v i l i z a t i o n  knows the  t r a g i c  r e s u l t s  when at tempts  t o  i m i t a t e  n a t u r e ,  t o  

model i t  without a s o l i d  b a s i s  i n  l o g i c  and mathematics, have l e d  t o  catas- 

trophe. 

t o  i m i t a t e  (model) t h e  f l i g h t  of b i r d s .  S t e a m  v e h i c l e s  have blown up, e t c .  

Daredevils with t h e  "wings of b i rds"  have been k i l l e d  at tempting 

I n  the  middle of t h e  l a s t  century,  Bertran devised t h e  p r i n c i p l e s  of a 

mathematical theory of s i m i l a r i t y .  Modern sc ience  has  brought modeling i n t o  

t h e  f i e l d  of a c c u r a t e  a n a l y s i s  and c a l c u l a t i o n .  Modeling has  been widely /28 
developed and is used f o r  v a r i o u s  purposes. Among t h e  o f f i c i a l  purposes, 

t h r e e  main ones may be noted: 

1) t h e  c rea ted  model s e r v e s  research  purposes. Laboratory development 

of technological  processes  i s  a good example of t h i s  case; 

2) modeling f o r  t h e  purposes of education. The many p lans ,  t a b l e s ,  

maps, etc., without which i t  is  impossible t o  imagine t h e  modern pedagogical 
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process  i n  school,  i l l u s t r a t e s  very  w e l l  the r o l e  of t h i s  kind of model; 

3) reproduct ion of an  o b j e c t  f o r  appl ied  and p r a c t i c a l  purposes. 

E s s e n t i a l l y ,  t h i s  is d i r e c t  i m i t a t i o n  of n a t u r e ,  however, wi th  poss ib le  

s i m p l i f i c a t i o n s .  

Most d i r e c t l y  of i n t e r e s t  t o  us  is t h e  t h i r d  purpose of modeling - 
reproduct ion of an o b j e c t  (cyc le  of mat te r ) ,  occurr ing i n  na ture ,  with 

poss ib le  s i m p l i f i c a t i o n s .  

S t r i c t l y  speaking, the concept of "reproduction" of an o b j e c t  i s  

c e r t a i n l y  wider than "modeling". A r t i f i c i a l  reproduct ion i s  t h e  c r e a t i o n  

of material analogs of an o b j e c t  which occurs  i n  na ture .  This i s  what w e  

need. 

The c r e a t i o n  of a material model of a n  o b j e c t  o r  process i s  o f t e n  

preceded by t h e  cons t ruc t ion  of an i d e a l  (mathematical o r  ca lcu la ted)  model 

of t h a t  ob jec t .  

The ord inary  p lan  of a c t i o n  i n  so lv ing  a s c i e n t i f i c  o r  p r a c t i c a l  problem 

is as follows: s ta tement  of t h e  problem, which can and should be solved 

wi th  t h e  he lp  of modeling. Then observat ions and experiments fol low,  i n  t h e  

course of which active i n t e r f e r e n c e  of t h e  experimentor i s  necessary during 

t h e  c r e a t i o n  of t h e  necessary model. 

It must be noted t h a t  a need f o r  modeling and t h e  p o s s i b i l i t y  of con- 

s t r u c t i n g  a model only appear when the  s tud ied  system is  p a r t i a l l y  understood. 

Of course,  t h e  c r e a t i o n  of any model must be preceded by t h e  development of 

a working hypothesis.  

I n  our case, i t  is  a matter of reproducing on a microscale  processes  of 

t h e  matter cyc le  which occur n a t u r a l l y  i n  na ture .  

understood, and w e  must set  i t  up under a r t i f i c i a l  condi t ions .  W e  r e c o n s t r u c t  

This process  i s  w e l l  
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i t  wi th  poss ib le  s i m p l i f i c a t i o n s  because, as w a s  mentioned, t h e  m a t t e r  cyc le  

i n  n a t u r e  has  an incommensurably l a r g e  reserve of m a t t e r .  

I n  an a r t i f i c i a l  eco logica l  system, intended f o r  s p a c e c r a f t ,  lunar  o r  

p lane tary  s t a t i o n s ,  t h e  q u a n t i t y  of matter included i n  t h e  c y c l e  must b e  a t  

a minimum, only j u s t  exceeding t h e  c r i t i ca l  level t o  r e a l i z e  t h e  cycle.  

The c r e a t o r s  of an a r t i f i c i a l  eco logica l  system are i n t e r e s t e d  i n  t h e  /29 
minimum amount of matter and most rap id  c i r c u l a t i o n .  On t h e  o t h e r  hand, 

complete cycl ing of a l l  matter without except ion i s  hard ly  p o s s i b l e  i n  an 

a r t i f i c i a l  system wi th  minimum amounts of matter. It is  probable t h a t  some 

matter w i l l  drop out  of t h e  c y c l e  and be deposi ted a t  c e r t a i n  s t a g e s .  This  

demands compensation f o r  them by supplementing from t h e  reserve, o r  by 

recycl ing.  

There has  been suggested,  and is  being discussed,  i n  t h e  s c i e n t i f i c  

l i t e r a t u r e  a number of schemes f o r  an a r t i f i c i a l  matter cyc le  i n  c losed 

space wi th  a cons tan t  amount of m a t t e r ,  and open i n  t e r m s  of energy. 

The most tempting would be, of course,  t o  create a two-component 

system: man - p l a n t s ,  which has  a l ready  been suggested by K. E. Tsiolkovskiy.  

I n  t h e  beginning of t h e  development of t h i s  problem, s i g n i f i c a n t  e f f o r t s  w e r e  

made t o  r e a l i z e  t h i s  (two-component) system. This w a s  synchronized wi th  t h e  

development of research  on t h e  economic use  of u n i c e l l u l a r  a l g a e  (as  food, 

fodder and i n d u s t r i a l  r a w  material). 

a lgae ,  a t t e n t i o n  w a s  f i r s t  of a l l  given t o  c h l o r e l l a .  

I n  t h e  huge mass of var ious  microscopic 

Chlore l la  ( a s  w e l l  as several o t h e r  a lgae)  has  a number of b i o l o g i c a l  

t r a i t s  which make its use  very  e n t i c i n g  i n  closed ecologica l  systems. Chlore l la  

has  no rest per iod i n  its development. Its cells are cont inuously a b l e  t o  

feed,  grow and reproduce, forming t h e  biomass, discharging oxygen and absorbing 

carbon dioxide.  C h l o r e l l a  reproduces i t s e l f  by forming autospores  i n  i t s  

cel l ,  and t h e  subsequent d i v i s i o n  of t h i s  c e l l  i n t o  4-16 daughter cells ,  each 

of which i s  capable of independent l i f e  and f u r t h e r  reproduct ion.  
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Success i n  t h e  s e l e c t i o n  of c h l o r e l l a  i n  r e c e n t  y e a r s  has made i t  

p o s s i b l e  t o  create h ighly  product ive forms which, under favorable  condi t ions ,  

pass  through t h e  complete development c y c l e  i n  6-8 hours. The b e s t  modern 

s t r a i n s  of c h l o r e l l a  are a b l e  t o  accumulate a l a r g e  biomass and t o  produce 

up t o  50 o r  more liters of 0 

of c h l o r e l l a  (cells separated from t h e  n u t r i e n t  s o l u t i o n )  conta ins  a high 

percentage of p r o t e i n ,  f a t s ,  and o ther  n u t r i e n t  materials. Therefore,  i n  

so lv ing  t h e  problem of regenera t ing  w a t e r  and a i r ,  as w e l l  as feeding t h e  

cosmonauts, g r e a t  hopes w e r e  pinned on t h i s  t i n y  a lga .  It w a s  and is  t h e  

s u b j e c t  of much research.  I n  p a r t i c u l a r ,  t h e s e  s t u d i e s  were conducted by 

A .  A. Nichipporovich. 

a day from 1 l i ter  of suspension. The biomass 2 

A t  t h e  present  t i m e ,  c h l o r e l l a  i s  a good regenera tor  of t h e  atmosphere /30 
and water. 

c h l o r e l l a  as a regenera tor  of a i r  f o r  man i n  pressur ized  cabins .  

i s  s t i l l  too soon t o  t a l k  about c h l o r e l l a  as food. 

t h e  c h l o r e l l a  c e l l  creates d e f i n i t e  d i f f i c u l t i e s  i n  processing i t s  biomass. 

W e  have a l ready  mentioned t h a t ,  i n  forming t h e  food r a t i o n  f o r  cosmonauts, 

we must not  ignore man's ind iv idua l  traits, h a b i t s ,  and i n c l i n a t i o n s .  

successfu l  d i e t  has  n o t  y e t  been created from t h e  c h l o r e l l a  biomass which 

w i l l  s a t i s f y  man's taste. 

higher  p l a n t s .  

A number of successfu l  prolonged tests are known on t h e  use of 

But i t  

The tough outer  l a y e r  of 

A 

Therefore,  a t t e n t i o n  of researchers  has  turned t o  

However, a t tempts  t o  design a two-component system using higher p l a n t s  as 

au to t rophic  organisms have m e t  wi th  g r e a t  d i f f i c u l t i e s ,  and it i s  easy t o  

see the  u n r e a l i t y  of e s t a b l i s h i n g  a cyc le  i n  such a system. 

A two-component system cannot completely provide t h e  food needs of man. 

For fully-adequate n u t r i t i o n ,  a c e r t a i n  number of animal p r o t e i n s  are 

necessary,  as n o t  a l l  noninterchangeable amino a c i d s  are produced by p l a n t  

organisms. 
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I n  a two-component system, approximately ha l f  of t he  biomass formed by 

h igher  p l a n t s  ( tops ,  r o o t s )  cannot be used by man. It can be used as food 

f o r  o the r  he t e ro t roph ic  organisms. 

Human experiments can use  higher  p l a n t s  i n  n a t u r a l ,  unprocessed form 

only t o  a l imi t ed  ex ten t .  Human w a s t e s  must be processed (minera l iza t ion  

of organic  m a t t e r ,  decomposition of components which are tox ic  f o r  p l a n t s ) .  

Only a f t e r  t h i s  can they be used as f e r t i l i z e r .  

However, i t  i s  extremely d i f f i c u l t  t o  balance the  "entrance" and "exi t "  

of a l l  l i n k s  of an a r t i f i c i a l  small system f o r  a l l  t h e  m a t t e r .  

i nd iv idua l  l i n k s  of t h e  system, some matter w i l l  i n e v i t a b l y  be excluded from 

the  cycle;  i t  w i l l  accumulate a t  ind iv idua l  s t a g e s  of t he  complex cyc le  

process.  This demands c a r e f u l  c o n t r o l  of t he  movement of m a t t e r  and co r rec t ion  

by rep lac ing  t h e  p r e c i p i t a t e d  matter i n  the  cyc le  from t h e  reserves  o r  by 

appropr i a t e  processing of i t  i n t o  combinations which could aga in  be included 

i n  the  cycle .  

I n  connecting 

This a l l  g r e a t l y  complicates p lans  f o r  a matter cyc le  i n  a r t i f i c i a l  

c losed eco log ica l  systems. 

W e  s h a l l  c i t e  one of the  poss ib l e  p lans  f o r  a complete cyc le  of m a t t e r  

i n  a closed eco log ica l  system (Figure 4). 

An a r t i f i c i a l  eco log ica l  system, based on t h e  b i o l o g i c a l  cyc le  of matter, 131 - 
is  crea ted  t o  provide normal l i v i n g  condi t ions  f o r  man i n  a long space f l i g h t  

t o  the Moon o r  t h e  p l ane t s .  Consequently, man, wi th  h i s  needs and norms, is 

t h e  c e n t r a l  l i n k  i n  the  system, and h i s  v i t a l  processes  con t r ibu te  t o  the  

s teady  func t ioning  of t h e  whole cycle .  

Man, consuming t h e  oxygen produced by the  p l a n t s ,  is,  i n  turn ,  a s u p p l i e r  

of carbon d ioxide  f o r  t h e  p l a n t s .  

t h e  au to t rophic  and he te ro t roph ic  organisms. 

H e  is a consumer of products  c rea ted  by 
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Figure 4. One of t h e  p o s s i b l e  p lans  f o r  
a cyc le  of matter i n  an  a r t i f i c i a l  
closed system. 

p l a n t s ,  w a t e r ,  food crea ted  by t h e  p l a n t s ,  etc. 

I f ,  f o r  any reason, 

sickness f o r  example, t h e  

human organism ceases t o  

func t ion  normally and de- 

creases h i s  a c t i v i t y ,  t h i s  

in f luences  h i s  a p p e t i t e ,  on 

t h e  one hand, and h i s  

excre t ions ,  on t h e  o t h e r .  

I f  man does n o t  produce a 

c e r t a i n  amount of carbon 

d ioxide  and wastes, t h i s  

w i l l  e n t a i l  a changed work 

regime f o r  o t h e r  l i n k s  i n  

t h e  system: t h e  q u a n t i t y  

and composition of f e r t i l i z e r  

f o r  t h e  p l a n t s  i s  changed, 

t h e  i n t e n s i t y  of photo- 

s y n t h e s i s ,  t h e  amount of 

oxygen received from the 

I n  s h o r t ,  an unbalanced 

system w i l l  occur. 

ecosystem crea ted  t o  s a t i s f y  t h e  needs of man i n  space. 

This i s  one f e a t u r e  of t h e  func t ioning  of an a r t i f i c i a l  

A cycle  of matter i n  any system needs energy. The s i n g l e  "entry" of - / 32 

energy i n t o  t h e  system w e  have been consider ing and i t s  primary accumulator 

is  photoautotrophic p l a n t  organisms. 

Sun i n t o  p o t e n t i a l  energy of chemical bonds. 

e n t i r e  system of t h e  cycle ,  provides t h e  energy needs of a l l  t h e  l i n k s ,  

including man. 

They convert  r a d i a n t  energy from t h e  

This  energy, moving through t h e  

I n  our opinion, t h e  l i n k  of photoautotrophic p l a n t s  i n  t h e  system must 

be considered as t h e  chief  l i n k  i n  the  whole cycle .  

w e  s h a l l  l i m i t  ourse lves  t o  consider ing j u s t  this l i n k .  

I n  t h e  fol lowing account, 
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The Link of- Higher Autotrophic P l a n t s  

Botanis t s  number about 250,000 d i f f e r e n t  kinds of h igher  flowering 

p l a n t s  on Earth.  But only 2558 kinds  are used by man f o r  food. 

The kinds of p l a n t s  c o n s t a n t l y  being consumed include:  vege tab les  - 
546;  root-crops - 261;  legumes - 8 3 ;  cereals - 7 4 ,  etc. I n  t h e  Soviet  

Union, about 450 kinds of p l a n t s  are c u l t i v a t e d .  

The choice is l a r g e .  What kinds should be used t o  create a l i n k  of 

higher au to t rophic  organisms f o r  a closed ecologica l  system? What should 

guide t h e  choice of p l a n t s  f o r  t h i s  purpose? 

The p r i n c i p l e s  of choice of a g r i c u l t u r a l  p l a n t s  f o r  i n c l u s i o n  i n  t h e  

chain of c losed e c o l o g i c a l  systems i s  being widely discussed i n  s c i e n t i f i c  

i n s t i t u t i o n s  and i n  t h e  p r e s s .  W e  suggest  t h a t ,  i n  so lv ing  the  problem of 

choosing p l a n t s ,  i t  would b e  l o g i c a l  t o  consider  t h e  fol lowing f a c t s .  

A g r i c u l t u r a l  p l a n t s ,  included i n  t h e  l i n k  of a closed ecologica l  system, 

must f i r s t  of a l l  b e  high-yielding and s a t i s f y  man's n u t r i t i o n a l  needs. It 

is  necessary t o  consider n o t  only the  t o t a l  y i e l d ,  bu t  a l s o  t h e  biochemical 

composition, t h e  content  of p r o t e i n s ,  amino a c i d s ,  f a t s ,  carbohydrates,  

vi tamins and mineral  sa l ts .  A l l  t h e  included a g r i c u l t u r a l  p l a n t s  should be 

n a t u r a l  f o r  man and e x i s t  i n  t h e  same environment. I d e n t i c a l  condi t ions f o r  /33 
r a i s i n g  d i f f e r e n t  ( a l l )  p l a n t s  included i n  t h e  higher-plant l i n k  w i l l  s impl i fy  

t h e  t e c h n i c a l  problem of c r e a t i n g  c u l t i v a t i o n  rooms i n  s p a c e c r a f t  o r  lunar  and 

p lane tary  s t a t i o n s .  I n  t h a t  case, t h e  cul t ivat ionroomswould n o t  have t o  be 

divided i n t o  several s e c t i o n s  t o  give each p a r t  i ts own complex of  condi t ions  

(temperature,  l i g h t ,  moisture ,  e t c . )  . 

It is  a l s o  d e s i r a b l e  t h a t  t h e  demands of p l a n t s  and man on environmental 

condi t ions  b e  s i m i l a r .  This  would e l imina te  t h e  n e c e s s i t y  f o r  c r e a t i n g  and 
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maintaining d i f f e r e n t  c l imat ic  condi t ions  i n  the l i v i n g  q u a r t e r s  and c u l t i -  

v a t i o n  rooms of space v e h i c l e s  o r  p lane tary  s t a t i o n s .  

The compatabi l i ty  of a l l  t h e  chosen p l a n t s  wi th  each o t h e r  and wi th  

man, f o r  whose well-being t h e  whole system is  being crea ted ,  is very 

important.  Quite  a f e w  p l a n t s ,  as a r e s u l t  of t h e i r  v i t a l  processes ,  exude 

through t h e i r  r o o t s  o r  leaves var ious  substances which can d e f i n i t e l y  a f f e c t  

t h e i r  neighbors ( p o s i t i v e l y  o r  nega t ive ly) :  some excre t ions ,  e s p e c i a l l y  

gases ,  could be t o x i c  €or  man. F i n a l l y ,  cne cannot help taking i n t o  account 

t h e  complexity of technology i n  preparing food f o r  man from harves t ing  cul-  

t i v a t e d  p l a n t s .  

I n  f a c t ,  l e t  us  imagine t h a t  wheat o r  some o t h e r  kind of cereal g r a i n  

i s  included i n  t h e  number of p l a n t s .  

g r a i n  d r i e d ,  ground, then a dough prepared and baked. I n  a l l  - f i v e  tech- 

nologica l  opera t ions  which need s p e c i f i c  areas ( f o r  harves t ing ,  gr inding,  

e t c . )  and space. Moreover, a l l  these  opera t ions  t a k e  q u i t e  a l o t  of t i m e .  

The r i p e  ears need t o  be threshed,  t h e  

Vegetables,  inc luding  tuber- and root-bearing p l a n t s ,  can be used - f o r  

food immediately a f t e r  harves t ing .  

t h e s e  kinds of p l a n t s .  

Evidently preference must be given t o  

I n  works where p l a n t s  r i c h  i n  carbohydrates are discussed,  those included 

i n  t h e  l i n k  inc lude  pota toes ,  sweet pota toes ,  sugar and red b e e t s ,  r i ce  and 

wheat, as w e l l  as a number of s t a r c h y  p l a n t s  from t r o p i c a l  reg ions  of t h e  

Earth:  yams, co locas ia  ( t a r o ) ,  manioc, topinambur (ground p e a r ) ,  etc.  

P r o t e i n  p l a n t s  include bean, soy-bean, o ther  beans,  peanut.  Vitamin- 

r i c h  p l a n t s  inc lude  onion, var ious cabbages, e s p e c i a l l y  Chinese, kohl rab i ,  

r a d i s h ,  l e t t u c e ,  spinach,  p a r s l e y ,  fennel ,  tomato, e t c .  F i n a l l y ,  p l a n t s  

which conta in  var ious  t o n i c  substances are not  f o r g o t t e n :  ma&-tea, savory, 

balm mint,  and a number of o t h e r s .  

These p l a n t s  f a r  from exhaust a l l  types which could be considered f o r  

t h e  "kitchen garden" of f u t u r e  cosmonauts. 
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It i s  hard ly  p o s s i b l e  t h a t  one kind of p l a n t  can be expected t o  provide 134 - 
men i n  space w i t h  food, w a t e r ,  and a i r .  Obviously t h i s  could be taken care 

of by growing a whole c o l l e c t i o n  of p l a n t s  i n  t h e  space p l a n t a t i o n .  I n  t h i s  

case,  i t  would b e  easy t o  provide a more complete and v a r i e d  d i e t .  

I n  f o r e i g n  publ ica t ions ,  a number of d i e t s  f o r  man are being discussed 

which are based on growing i n  t h e  c r a f t  peanuts ,  lima beans,  topinambur, 

l e a f  cabbage, po ta toes ,  maize, l e t t u c e ,  tomatoes, as w e l l  as a c e r t a i n  

q u a n t i t y  of yeas t .  D i e t s  made up of t h e s e  crops s a t i s f a c t o r i l y  supply t h e  

n u t r i t i o n a l  needs of man according t o  b a s i c  c h a r a c t e r i s t i c s :  t o t a l  

c a l o r i e s ,  p r o t e i n  conten t ,  carbohydrates ,  f a t s ,  mineral  sa l t s ,  vi tamins 

and amino a c i d s  except methionine . 
W e  have a l r e a d y  mentioned t h a t  t h e  p r i n c i p l e s  governing t h e  s e l e c t i o n  

of p l a n t s  f o r  t h e  d i e t  must inc lude  man's h a b i t s  with regard t o  d i f f e r e n t  

kinds of food. Peanuts,  topinambur and l i m a  beans are l i t t l e  known t o  

Russians;  i t  i s  advisable  t o  compose a d i e t  f o r  Soviet  cosmonauts from p l a n t s  

c u l t i v a t e d  i n  t h e  USSR. Calcu la t ions  i n d i c a t e  t h e  p o s s i b i l i t y  of doing t h i s .  

However, i t  must be noted t h a t  i t  i s  impossible t o  make a c o l l e c t i o n  of 

p l a n t s  which could completely m e e t  man's needs f o r  a l l  t h e  necessary n u t r i -  

t i o n a l  elements, s i n c e  p l a n t  p r o t e i n s ,  a s  ind ica ted  above, are not  f u l l y  

adequate f o r  man. They l a c k  sulfur-containing amino a c i d s ,  and t h e  human 

organism cannot synthes ize  them. They are obtained i n  prepared form i n  food 

from animals.  

This problem can b e  solved i n  two ways: e i t h e r  animal-produced p r o t e i n s  

are taken on board t h e  s p a c e c r a f t  from Earth,  o r  i n  t h e  closed m a t t e r  cyc le  

system a l i n k  of h e t e r o t r o p h i c  organisms is  crea ted  which i s  capable  of 

synthes iz ing  t h e  animal p r o t e i n s  t h a t  man needs. 

It would b e  most e f f i c i e n t  t o  choose those h e t e r o t r o p h i c  organisms which 

would u s e  t h e  tops ,  r o o t s ,  and o t h e r  p a r t s  of t h e  c u l t i v a t e d  p l a n t s  con- 

s idered  i n e d i b l e  by man. Evidently,  several he tero t rophic  organisms capable  

of producing complete p r o t e i n s  can be nourished by a l g a e  ( c h l o r e l l a ) .  However, 
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t h e  problem of cons t ruc t ing  a l i n k  of h e t e r o t r o p h i c  organisms has  drawn us 

a s i d e  from our b a s i c  purpose. 

From t h e  above, a conclusion can b e  drawn which i s  exceedingly important 

f o r  t h e  general  formulat ion and s o l u t i o n  of t h e  problein of c r e a t i n g  a l i n k  

of higher  p l a n t s  i n  t h e  system. 

A t  f i r s t ,  a closed matter-cycle system would be incomplete. The c y c l e  

produces p a r t  of t h e  matter; t h e  rest  i s  added from reserves. I n  connection 

with t h i s ,  s t u d i e s  are being made of v a r i a t i o n s  of t h e  l i n k  of higher  p l a n t s ,  

i n  which t h e  minimum amount of growth necessary t o  create vi tamins which 

cannot be s tored  f o r  a long t i m e  i s  produced on board t h e  s p a c e c r a f t  i n  a 

l imi ted  a rea .  Even a s m a l l  a d d i t i o n  of f r e s h  vegetab les  t o  t h e  concentrated 

food from the  reserve decora tes  t h e  d i e t  and i n c r e a s e s  i t s  taste q u a l i t y .  

Calculat ions,  as w e l l  as tests, i n d i c a t e  t h a t  growing vi tamin-r ich vegetables  
n 
L i n  an  area 3-4 m can provide a l l  t h e  needs f o r  one man. 

2 Concerning t h e  regenera t ion  of a i r  and w a t e r ,  3-4 m of crops w i l l  g ive 

a l imi ted  amount of oxygen and t ranspi red  moisture .  I n  t h i s  case, i t  is  

necessary t o  r e p l e n i s h  oxygen from other  sources  (from reserves o r  from 

e l e c t r o l y t i c  decomposition of water ) .  

Various o ther  v a r i a t i o n s  of a l i n k  of higher  p l a n t s  are p o s s i b l e  wi th  

l a r g e r  areas f o r  growing p l a n t s ,  and consequently,  wi th  g r e a t e r  food production 

f o r  man, with a g r e a t e r  degree of atmosphere and water regenera t ion  up t o  

completely supplying the  needs of man f o r  p l a n t  food and c r e a t i n g  the  necessary 

n u t r i t i o n  f o r  he te ro t rophic  organisms. 

A s  an example, w e  s h a l l  p resent  one of t h e  many c o l l e c t i o n s  of p l a n t s  

which could work s a t i s f a c t o r i l y  i n  a l i n k  of higher  p l a n t s  i n  a c losed matter  

cyc le  system and would provide a l a r g e  p a r t  of man's needs: 

cabbage, l e a f  cabbage (Chinese), c a r r o t s ,  b e e t s ,  r a d i s h e s ,  and tomatoes. 

po ta toes ,  white  
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W e  s h a l l  a t tempt  t o  formulate  a l i n k  wi th  this c o l l e c t i o n  of p l a n t s  

and t o  determine i f  i t  can provide man's needs f o r  food, w a t e r ,  and oxygen. 

I n  o t h e r  words, w e  s h a l l  a t tempt  t o  create a mathematical model of t h i s  l i n k  

of t h e  system. I n  c a l c u l a t i n g  t h e  s i z e  of t h e  l i n k  of higher  p l a n t s ,  w e  

f i r s t  consider man's d a i l y  food needs. 

s p e c i a l i s t s ,  t h e  fol lowing norms of man's d a i l y  needs can be assumed i n  t h e  

c u l t u r e s  we chose ( see  p .  42 ) . 
Based on c a l c u l a t i o n s  of n u t r i t i o n  

- 136 

This d i e t  provides man wi th  30% of t h e  energy, 25-30% p r o t e i n ,  60% 

carbohydrates,  complete high-ash elements,  and more than enough vi tamins.  The 

d i e t  contains  a s u f f i c i e n t  amount of amino a c i d s ,  except t h e  sulfur-containing 

ones (methionine). 

Relying on e x i s t i n g  published d a t a  on harves ts  a c t u a l l y  produced under 

a r t i f i c i a l  condi t ions and c r i t i c a l l y  eva lua t ing  them, t h e  fol lowing h a r v e s t s  

of t h e  s e l e c t e d  crops can be assumed f o r  a c e r t a i n  growing per iod.  

The work of t h e  e n t i r e  l i n k  can b e  ca lcu la ted  according t o  t h e  assumed 

d a i l y  human d i e t  as w e l l  as t h e  chemical composition of t h e  food, t h e  l e n g t h  

of t h e  growing per iod,  and product iv i ty .  These d a t a  make i t  poss ib le  t o  

determine the  minerals  necessary t o  feed t h e  p l a n t s ,  t h e  necessary c o r r e c t i o n  

f o r  the  n u t r i e n t  s o l u t i o n  which i s  cons tan t ly  being depleted as a r e s u l t  of 

t h e  p l a n t s  absorbing t h e  m a t e r i a l s ,  and a l s o  t o  determine t h e  amount of  

t ranspi red  water,  t h e  product ion of oxygen, and t h e  p l a n t s '  need f o r  carbon 

dioxide.  

The r e s u l t  of t h e s e  c a l c u l a t i o n s  i s  given i n  F igure  5, where t h e  d a i l y  

balance of matter "entering1'  and "leaving" t h e  l i n k  of h igher  p l a n t s  i s  shown. 

This diagram can e s s e n t i a l l y  be c a l l e d  a model of t h e  l i n k .  - 137 

Conceiving t h e  model and designing i t  i n  a l l  i t s  d e t a i l s  i s  s t i l l  only 

h a l f  t h e  job. 

model i n  na ture .  

The second h a l f  and t h e  most d i f f i c u l t  is t o  create t h i s  

A g r e a t  many problems appear which never w e r e  encountered 
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before  i n  p l a n t  c u l t u r e .  

For example, how do you grow 

p l a n t s  i n  a space f l i g h t  wi th  

no gravi ty?  What are t h e  

f e a t u r e s  of a system of agro- 

Radiant energy 

I I 1 - 1  I I I I 1 E x i t  

Harvest : 

-1450 g t e c h n i c a l  examples i n  space 
i n e d i b l e  p a r t s  

- e d i b l e  p a r t s  

p l a n t a t i o n s ?  How do you 
g r a i s e  p l a n t s  which are used 

5x5 $2 0.3  3 16.6 9.1 1.1 15 0.W 

Nutr ien t  elements i n  s o l u t i o n  (g) n o t  only as sources of food, 

b u t  also t o  regenera te  w a t e r  

and a i r  f o r  t h e  cosmonauts, 

so t h a t  they provide an  
Figure 5. Daily balance of matter i n  t h e  

l i n k  o f  higher  p l a n t s  (per16 m2 o f  
p l a n t i n g ) .  un in te r rupted  replenishment 

of oxygen and removal of 

carbon d ioxide  i n  t h e  atmosphere of the  spacecraf t?  How do you p r o t e c t  t h e  

space p l a n t a t i o n  from r a d i a t i o n  danger? How much l i g h t  should t h e  p l a n t s  

have, and with what p e r i o d i c i t y ?  And a whole l i s t  of o t h e r  no less s e r i o u s  

quest ions.  

How Do You Raise P l a n t s  I n  Space? - .  ~ 

What does t h i s  ques t ion  mean? It i s  r e a l l y  q u i t e  simple: you loosen 

t h e  s o i l ,  put  a c e r t a i n  amount of f e r t i l i z e r  i n  i t ,  w a t e r  i t ,  put  i n  t h e  seed,  

cover i t  t o  t h e  required depth and wai t  f o r  i t  t o  grow. 

we w i l l  b r i n g  on board t h e  s p a c e c r a f t  from Earth,  bu t  what about s o i l ?  

Seed and f e r t i l i z e r  

I n  t h e  l a s t  decades a new v a r i e t y  of plant-growing has  appeared - 
hydroponics." The word hydroponics i n  t r a n s l a t i o n  from Greek means "work I 1  

with w a t e r . "  O r i g i n a l l y  hydroponic equipment w a s  a w a t e r t i g h t  tub ( o f t e n  

concrete)  approximately h a l f  f u l l  of a n u t r i e n t  s o l u t i o n .  

of t h e  tub,  a box wi th  a p e r f o r a t e d  bottom w a s  f ixed .  The box w a s  f i l l e d  

w i t h  wood shavings o r  sawdust which w e r e  used as a s u b s t i t u t e  f o r  s o i l :  

p l a n t s  w e r e  t ransplan ted  i n t o  it. Between t h e  upper level of t h e  n u t r i e n t  

s o l u t i o n  and t h e  per fora ted  bottom of t h e  box wi th  t h e  s u b s t r a t e ,  i t  i s  

- I 3 8  

I n  t h e  upper p a r t  

the 
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Figure 6 .  Plan of hydroponic growing 
equipment: 1 - r e s e r v o i r  f o r  
n u t r i e n t  s o l u t i o n ,  2 - pump, 
3 - s u b s t r a t e ,  4 - water level of 
s u b s t r a t e ,  5 - growing tub. 

necessary t o  leave f r e e  space f o r  

a e r a t i o n  of t h e  r o o t s  (Figure 6). 

Later t h e  e n t i r e  tub w a s  f i l l e d  w i t h  

some kind of  chemically i n e r t  and 

granular  material (grave l ,  crushed 

marble, coarse-grained sand, pumice, 

s l a g ,  vo lcanic  t u f f ,  vermicul i te ,  

p e r l i t e  and var ious  polymers). The 

n u t r i e n t  s o l u t i o n  w a s  p e r i o d i c a l l y  

added e i t h e r  from above o r  by f looding 

t h e  s u b s t r a t e  from below and f i l l i n g  

t h e  spaces between t h e  granules .  

s o l u t i o n  w a s  again drained i n t o  t h e  r e s e r v o i r  placed below. 

On reaching t h e  required l e v e l ,  t h e  n u t r i e n t  

According t o  t h e  d a t a  of t h e  famous exper t  i n  i n d u s t r i a l  hydroponics, 

M. Bentley, a s i n g l e  square of hydroponic c u l t u r e  can produce 20 t i m e s  more 

than t h e  same s ized  square of ordinary a g r i c u l t u r e .  

The advantages of hydroponics inc lude  l a r g e  product iv i ty ,  low w a t e r  

expenditure,  as t h e  water i n  hydroponics does n o t  escape from t h e  r o o t  zone 

and soak i n t o  the s o i l ,  but  d r a i n s  from t h e  tub i n t o  t h e  r e s e r v o i r  and is  

used repeatedly.  Crop q u a l i t y ,  as a r u l e ,  i s  higher  i n  hydroponics than i n  

s o i l  c u l t u r e ;  t h e  crops are c leaner .  Hydroponics does n o t  need crop r o t a t i o n .  

Providing t h e  p l a n t s  with n u t r i e n t  m a t e r i a l s  i s  easy t o  c o n t r o l  by automation 

and s tandard iza t ion .  I f  t h e  hydroponic equipment is placed i n  a hothouse 

wi th  regula ted  a i r  temperature and l i g h t  i n t e n s i t y ,  i t  is  p o s s i b l e  t o  p lan  

crops q u i t e  conf ident ly  and accura te ly .  These are t h e  f e a t u r e s  of hydroponic 

p l a n t  c u l t u r e  t h a t  have a t t r a c t e d  t h e  a t t e n t i o n  of space plant-growers. 

I f ,  i n  f a c t ,  the  crops produced by hydroponics are 20 t i m e s  g r e a t e r  

than i n  s o i l ,  i f  i t  i s  p o s s i b l e  t o  manage wi th  a l i m i t e d  amount of w a t e r ,  i f  

t h e  q u a l i t y  of t h e  crops i s  b e t t e r ,  i f  automation can c o n t r o l  t h e  system, and 

t h e  harves t  can b e  planned q u i t e  a c c u r a t e l y  by p r e c i s e  condi t ioning of b a s i c  
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parameters of the environment i n  t h e  c u l t i v a t i o n  compartment of t h e  spacecraf t ,  

then probably t h i s  method of r a i s i n g  p l a n t s  would b e  acceptable  f o r  space. 

A l l  t h i s  is t rue .  However, t h e r e  is  a s e r i o u s  o b s t a c l e  t o  t h e  use  of 

hydroponics i n  space f l i g h t  - t h e  absence of gravi ty .  On Earth,  where w e  

know very  w e l l  where up i s  and where down is, i t  is  very simple t o  f lood t h e  

s u b s t r a t e  with t h e  n u t r i e n t  s o l u t i o n  from a tank placed above t h e  level of 

t h e  tub wi th  t h e  s u b s t r a t e .  It i s  only necessary t o  open a t a p  i n  t h e  tank. 

And without  any d i f f i c u l t y  a f t e r  t h e  s u b s t r a t e  i s  flooded, t h e  n u t r i e n t  

s o l u t i o n  d r a i n s  i n t o  t h e  r e s e r v o i r  placed under i t .  

- I 3 9  

This operat ion,  which is simple on Earth,  i s  g r e a t l y  complicated under 

weight less  condi t ions.  The l i q u i d  ( t h e  n u t r i e n t  s o l u t i o n )  w i l l  no t  run  o u t  

of t h e  tank wherever w e  pu t  i t .  Under weight less  condi t ions ,  l i q u i d  cannot 

be poured o u t  of a conta iner ;  i t  must be shaken o u t ,  sucked o u t ,  forced o u t .  

Evidently t o  f lood t h e  s u b s t r a t e  i n  hydroponic equipment i n  a s p a c e c r a f t ,  t h e  

n u t r i e n t  s o l u t i o n  must b e  sucked o u t  of t h e  tank and fed t o  t h e  s u b s t r a t e  

under some pressure.  

But here  new d i f f i c u l t i e s  arise. W e  know t h a t  t h e r e  are s o l i d  materials 

which, under ordinary condi t ions ,  a r e  moistened by l i q u i d s ,  as w e l l  as those 

which are not  moistened. The f i r s t  are c a l l e d  hydrophi l ic ,  and the  second, 

hydrophobic. I f  the  s u b s t r a t e  i s  hydrophobic, i t  w i l l  no t  be moistened; t h e  

n u t r i e n t  s o l u t i o n  w i l l  c o l l e c t  i n  t h e  pores i n  d r o p l e t s .  I f  t h e  s u b s t r a t e  

is  hydrophi l ic ,  then t h e  l i q u i d  quickly "creeps" upward, reaches t h e  edge, 

and runs  over.  

Removing t h e  l i q u i d  from t h e  s u b s t r a t e  and pouring i t  back i n t o  t h e  tank 

It must be sucked out;  is a l s o  very  complicated. It w i l l  n o t  begin t o  flow. 

some kind of vacuum must b e  c rea ted .  But t o  do t h f s  t h e  s u b s t r a t e  must b e  

hermet ica l ly  sea led  w i t h  a cover.  

openings f o r  t h e  growing p l a n t s ,  and t o  p r e s s u r i z e  an opening wi th  a p l a n t  

s t e m  i n  t h e  center  i s  no easy task .  

A t  the  s a m e  t i m e ,  t h e  cover must have 
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Thus, t h e r e  are q u i t e  a few d i f f i c u l t i e s  i n  us ing  hydroponics under 

weight less  condi t ions.  Nevertheless,  th is  method is  very  tempting. I n  a 

number o f  experiments 

v e r y  good h a r v e s t s  of 

b e e t s ,  tomatoes, etc. 

sometimes the harvest 

with s u b s t r a t e  hydroponics under terrestrial condi t ions ,  

b a s i c  vegetables  have been produced: cabbage, c a r r o t s ,  

Harvests of 18-22 kg/m w e r e  u s u a l  i n  t h e  tests, and 2 

reached 30 o r  more kilograms. 

Evidently,  t h e  search  f o r  s u b s t r a t e s  which have t h e  most s u i t a b l e  

p r o p e r t i e s  f o r  u s e  i n  space must b e  continued. However, weight lessness  i s  

st i l l  f a r  from being completely understood, and many d i f f i c u l t i e s  can b e  

expected. 

/40 

I n  r e c e n t  years ,  i n  a number of  c o u n t r i e s  ion-exchange r e s i n s  have been 

used as a s u b s t r a t e  f o r  growing p l a n t s ,  e s p e c i a l l y  indoor flowers.  Several 

brands of these  r e s i n s  have t h e  c a p a b i l i t y  of adsorbing (absorbing) c e r t a i n  

chemical compounds. The s u b s t r a t e ,  s a t u r a t e d  w i t h  n u t r i e n t  materials f o r  t h e  

p l a n t s ,  when i t  is  moistened with water is  a b l e  t o  gradual ly ,  according t o  

t h e  needs of t h e  p l a n t s ,  give t h e  p l a n t s  t h e  prev ious ly  absorbed n u t r i e n t  

materials. The use  of such a s u b s t r a t e  would g r e a t l y  s i m p l i f y  t h e  maintenance 

of space p l a n t a t i o n s .  

board t h e  s h i p  would b e  el iminated,  as w e l l  as t h e  n e c e s s i t y  of cons tan t ly  

c o r r e c t i n g  it. A l l  the  work i n  maintaining t h e  crops is  reduced t o  pouring 

w a t e r  on t h e  s u b s t r a t e .  A l l  t h e  water i n  the  s u b s t r a t e  w i l l  be  absorbed by 

t h e  p l a n t s ,  and w i l l  then evaporate i n  t h e  process  of t r a n s p i r a t i o n .  Such 

a s u b s t r a t e  would s impl i fy  the  whole l i fe -suppor t  scheme f o r  man i n  t h e  

spacecraf t .  

The n e c e s s i t y  of preparing n u t r i e n t  s o l u t i o n s  on 

However, t h e r e  w i l l  n o t  be a complete matter c y c l e  using t h i s  method of 

growing p l a n t s .  Nutr ient  materials must be kept  i n  reserve. But t h e  reserve 

w i l l  n o t  be i n  a box, b u t  i n  t h e  r e s i n s .  

Up t o  t h i s  t i m e ,  w e  have been consider ing hydroponic methods of r a i s i n g  

p l a n t s  i n  r e l a t i o n  t o  t h e  condi t ions  of space f l i g h t .  I n  weight less  f l i g h t ,  

t h e  use  of hydroponics encounters a number of d i f f i c u l t i e s .  It is  another 
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matter t o  organize a closed b i o l o g i c a l  system on t h e  Moon o r  one of t h e  

p lane ts .  

s t i l l  n o t  weight lessness .  Top is  top ,  and bottom i s  bottom. Liquids ,  as 

on Earth,  w i l l  flow down. I n  s h o r t ,  everything is  i n  i ts  p lace .  I n  lunar  

o r  p lane tary  s t a t i o n s ,  hydroponics w i l l  probably b e  used by travellers from 

t h e  Earth,  j u s t  as i t  is  by people a t  home on Earth.  I n  a l l  p r o b a b i l i t y ,  

lunar  o r  Martian s o i l  w i l l  b e  used as a s u b s t r a t e .  This would make i t  easier 

t o  t r a n s p o r t  from t h e  Ear th  t h e  necessary f e r t i l i z e r  and materials t o  create 

a l i n k  of higher  p l a n t s  i n  t h e  a r t i f i c i a l  matter-cycle system. 

Although g r a v i t y  on t h e  Moon i s  only 116 of t h a t  on Earth,  i t  i s  

The absence of an  atmosphere on t h e  Moon makes t h e  s u r f a c e  of our 

s a t e l l i t e  open t o  meteor i te  showers and r a d i a t i o n .  This  w i l l  f o r c e  t h e  

cosmonauts t o  bury t h e  l u n a r  s t a t i o n  i n  lunar  s o i l  t o  p r o t e c t  i t  from 

meteor i tes  and r a d i a t i o n .  Evident ly  hydroponic equipment w i l l  a l s o  need t o  

be b u i l t  under a p r o t e c t i v e  l a y e r  of lunar  s o i l  of appropr ia te  thickness .  I t  

can be assumed t h a t ,  t o  provide a vacuum seal i n  t h e  lunar  l'dug-outs'l, t h e  

w a l l s  w i l l  b e  covered wi th  p l a s t i c .  It w i l l  then b e  f i l l e d  w i t h  a gaseous 

mixture of usua l  "Earth" composition which would have t o  be brought from 

Ear th  o r  prepared a t  t h e  s i te .  

- 141 

I n  t h e s e  surroundings,  the i n h a b i t a n t s  of t h e  l u n a r  o r  p lane tary  s t a t i o n  

w i l l  raise Ear th ly  vegetables:  po ta toes ,  cabbage, b e e t s ,  c a r r o t s ,  etc.  

It must be noted t h a t  hydroponics i s  not  t h e  only p o s s i b l e  method of 

r a i s i n g  a g r i c u l t u r a l  p l a n t s  i n  space o r  on t h e  p l a n e t s .  

More than f i f t y  y e a r s  ago, Russian professor ,  V. M. Artsikhovskiy,  s tudying 

gas exchange i n  r o o t s ,  was t h e  f i r s t  t o  use t h e  "air culture ' '  method. 

proceeded from t h e  f a c t  t h a t  t h e  b e s t  condi t ions  f o r  s tudying gaseous exchange 

i n  underground p l a n t  organs are crea ted  when t h e  r o o t s  grow i n  moist  air .  

From improvised materials, h e  constructed an apparatus  i n  which he success- 

f u l l y  r a i s e d  peas,  ve tch ,  maize and several o ther  p l a n t s .  The b a s i s  of t h e  

apparatus  w a s  a flower p o t  turned upside down. 

w a t e r .  The p l a n t  w a s  pu t  i n t o  t h e  h o l e  i n  t h e  bottom. The r o o t  hung down 

H e  

The base w a s  submerged i n  
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i n s i d e  t h e  p o t ,  and 6-10 times a day 

I I i t  w a s  s p r i n k l e d  w i t h  n u t r i e n t  s o l u t i o n  

from an atomizer.  For convenience i n  

c u l t i v a t i n g  t h e  r o o t s ,  t h e  p o t s  w e r e  

sawed i n t o  two unequal p a r t s ,  t h e  smaller 

? r i d = = -  se rv ing  as a door. 

For many y e a r s  t h e  " a i r  cu l ture"  

method w a s  only used i n  research  labor- 

a t o r i e s  t o  s tudy ques t ions  of p l a n t  phys- 

7. Plan for bui ld ing  an aero- iology.  A t  t h e  s a m e  t i m e  t h i s  method of 

p l a n t  a i r  c u l t u r e  w a s  being per fec ted .  

I n  t h e  l as t  few y e a r s  t h i s  method, o r  as 

ponic growing device: 
f o r  holding p l a n t s ,  2 - growing 
tub ,  3 - sprayer  f o r  t h e  n u t r i e n t  
Solut ion,  4 - r e s e r v o i r  f o r  n u t r i e n t  i t  is  now c a l l e d  aeroponics ,  has become 

1 - cover 

s o l u t i o n ,  5 - pump. widely used on a number of farms around 

Moscow i n  r a i s i n g  several vege tab les ,  as w e l l  as f lowers .  Aeroponics has  been 

considerably developed i n  t h e  a g r i c u l t u r e  of Bulgar ia  and o t h e r  count r ies .  

The b a s i c  equipment i n  aeroponics i s  a tub. The n u t r i e n t  s o l u t i o n  i s  fed 

through tubes mounted i n s i d e  t h e  tub along t h e  w a l l s .  

atomizer j e t s  f o r  spraying t h e  s o l u t i o n .  

The tubes  hold spaced 

The unsbsorbed p a r t  of t h e  n u t r i e n t  s o l u t i o n  runs t o  t h e  bottom of t h e  t u b ,  

and through i t s  openings i s  returned t o  t h e  tank wi th  t h e  n u t r i e n t  s o l u t i o n .  

The cover on t h e  top  of t h e  tub  has openings f o r  a t t a c h i n g  t h e  p l a n t s  (Figure 7) .  

T h e  s o l u t i o n  i s  sprayed f o r  10-20 seconds every 10-30 minutes. 

Even V. M. Artsikhovskiy noted t h a t ,  i n  r a i s i n g  p l a n t s  by t h e  "air cu l ture"  

methody i t  is  necessary t o  increase  t h e  sa l t  concent ra t ion  i n  t h e  n u t r i e n t  

s o l u t i o n .  A s  a r u l e ,  t h e  concentrat ion of sa l ts  i n  aeroponics exceeds t h e  

usua l  n o m  by 2-3 t i m e s .  

One of t h e  unquestionable advantages of aeroponics over hydroponics wi th  /@ 
a s u b s t r a t e  i s  t h a t  i n  aeroponics t h e  p l a n t s  are not  a t tached  t o  t h e  s u b s t r a t e ;  

they can e a s i l y  be moved from place  t o  place.  

t h e  i l lumina ted  a r e a  i n  t h e  c u l t i v a t i o n  rooms of t h e  s p a c e c r a f t  o r  t h e  p lane tary  

s t a t i o n  most e f f i c i e n t l y .  

This  makes i t  p o s s i b l e  t o  use 
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I n  using t h e  aeroponic method under weight less  condi t ions ,  w e  can 

expect t rouble .  

w i l l  possibly n o t  b e  returned t o  t h e  tank, because under weight less  condi t ions ,  

l i q u i d  can c o l l e c t  i n t o  a b a l l  and f l o a t  i n  t h a t  form around t h e  growing tub.  

The n u t r i e n t  s o l u t i o n  which is  n o t  absorbed by p l a n t  r o o t s  

The behavior of l i q u i d s  under weight less  condi t ions  i s  explained by 

c a p i l l a r y  and intermolecular  f o r c e s .  Intermolecular  f o r c e s  w i l l  cause t h e  

l i q u i d  t o  tend t o  take  t h e  form of  a b a l l  - t h e  g r e a t e s t  volume wi th  t h e  

least  sur face .  

becomes "uncontrolled . I 1  

I n  t h i s  case, u n l e s s  s p e c i a l  measures are taken, t h e  l i q u i d  

Capi l la ry  f o r c e s  do n o t  depend on g r a v i t y ,  and t h e  f u l l  e x t e n t  of t h e i r  

Liquid w i l l  move a c t i v i t y  w i l l  become apparent  under weight less  condi t ions.  

a long c a p i l l a r y  systems j u s t  as kerosene "spreads" along a lamp wick, as 

underground w a t e r  rises t o  t h e  s u r f a c e ,  o r  as f i l t e r  paper "removes" a drop 

of l i q u i d  s p i l l e d  on a t a b l e .  

Based on these  f a c t s ,  s t i l l  another  method of r a i s i n g  p l a n t s  i s  being 

developed and t e s t e d  which might r i v a l  hydroponics and aeroponics.  

This i s  the so-called wick c u l t u r e .  The essence of t h i s  method i s  as 

follows: t h e  c u l t i v a t i o n  tub i s  f i l l e d  wi th  a s u b s t r a t e ,  w e l l  wetted and 

holding moisture.  Vermicul i te  o r  p e r l i t e  are s u i t a b l e  f o r  t h i s  purpose. A 

rope (wick) made of any kind of m a t e r i a l  which draws w a t e r  w e l l  i s  se t  i n t o  

t h e  s u b s t r a t e .  This can be a bundle of c o t t o n  threads o r  f a b r i c .  One ( t h e  

lower) end of t h e  wick comes o u t s i d e  through an  opening i n  t h e  bottom of t h e  

tub, and i s  immersed i n  a conta iner  where t h e  n u t r i e n t  s o l u t l o n  i s  always 

being fed.  The s o l u t i o n  i s  brought t o  t h e  s u b s t r a t e  by t h e  wick and moistens 

i t ,  providing t h e  p l a n t s  wi th  moisture  and n u t r i t i o n a l  elements (Figure 8) .  

- I 4 3  

On t h e  b a s i s  of t h e s e  same l a w s  of molecular and c a p i l l a r y  f o r c e s ,  t h e  

A porous p l a t e ,  with good method of " f i lm cul ture"  is  being developed. 

c a p i l l a r y  p r o p e r t i e s ,  i s  bent  a t  a sharp angle .  

p l a t e  are immersed i n  a tub wi th  a n u t r i e n t  s o l u t i o n  o r  loose ly  pressed i n t o  

The lower edges of t h i s  
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device f o r  growing p l a n t s  using the  
wick method: 1 - growing tub,  2 - Figure 9. P l a n  of a device f o r  
s u b s t r a t e  (hydrophi l ic) ,  3 - wick, growing p l a n t s  using the  f i l m  
4 - small tank f o r  n u t r i e n t  solu- c u l t u r e  method . 
t i o n ,  a t  cons tan t  l e v e l ,  5 - device 
f o r  au tomat ica l ly  maintaining a 
constant  level of n u t r i e n t  solu- 
t i o n ,  6 - r e s e r v o i r  f o r  n u t r i e n t  
so lu t ion .  

a p ipe  along which t h e  s o l u t i o n  flows. 

a sharp angle ,  l i k e  r i d e r s  on horseback. 

s i d e s  of t h e  p l a t e .  

t h e  p l a t e ,  i t  reaches t h e  r o o t s ,  moistens them and s u p p l i e s  n u t r i t i o n a l  

elements (Figure 9 ) .  

The seedl ings  are placed on top, a t  

Their  r o o t s  s t r e t c h  along both 

The n u t r i e n t  s o l u t i o n  is  cons tan t ly  being pul led along 

There i s  another  method t h a t  i s  promising f o r  use  i n  space - t h e  method 

of constant  and incomplete s a t u r a t i o n  of a s u b s t r a t e .  

i n  t h i s  method of r a i s i n g  p l a n t s  c o n s i s t s  of s e p a r a t e  conta iners  made of 

t ransparent  p l a s t i c .  

being r a i s e d .  A pipe  i s  connected t o  t h e  conta iner .  Through t h e  pipe,  a 

n u t r i e n t  s o l u t i o n  i s  cons tan t ly  supplied t o  t h e  s u b s t r a t e .  The ra te  of 

supplying t h e  s o l u t i o n  corresponds t o  the  rate a t  which the  p l a n t  evaporates 

moisture. 

Usually t h e  apparatus  

The s i z e  of t h e  conta iners  depends on t h e  kind of p l a n t  

This method, as w e l l  as t h e  f i l m  c u l t u r e  method and t h e  wick c u l t u r e  

method has a common drawback. The s u b s t r a t e  ( o r  f i lm)  w i l l  i n e v i t a b l y  

accumulate s a l t s  from t h e  n u t r i e n t  s o l u t i o n  which are n o t  completely absorbed 

by t h e  p l a n t  r o o t s .  
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/44 Up t o  the  present  t i m e ,  a n u t r i e n t  s o l u t i o n  has  n o t  been crea ted  which 

would be completely absorbed by t h e  p l a n t  as a hungry man eats up everything 

from t h e  p l a t e  of food given t o  h i m .  

washing of t h e  s u b s t r a t e s  o r  o t h e r  means of f r e e i n g  them from s a l i n i z a t i o n .  

A l l  these  methods demand p e r i o d i c  

There are o ther  methods of r a i s i n g  p l a n t s  i n  space. 

The methods and examples w e  have described f o r  growing p l a n t s  i n  space- 

c r a f t  are being developed, per fec ted  and tes ted .  Before d i r e c t  tests are 

made i n  space f l i g h t s ,  i t  i s  d i f f i c u l t  t o  have a preference  f o r  any one of 

them. 

only a f t e r  t e s t i n g  t h e s e  methods i n  space. 

Now they a l l  s e e m  t o  b e  r i v a l  methods. A f i n a l  choice can b e  made 

Green Conveyor 

I n  c losed l i fe -suppor t  systems, higher  au to t rophic  p l a n t s  are depended 

upon not  only t o  r e c o n s t r u c t  food, b u t  a l s o  t o  regenera te  t h e  atmosphere and 

w a t e r .  

release of oxygen - is b a s i c a l l y  t h e  work of one organ of t h e  p l a n t -  t h e  

green l e a f .  The green l e a f ,  o r  more acura te ly ,  t h e  c h l o r o p l a s t s  i n s i d e  t h e  

cel ls  of t h e  l e a f ,  i s  t h e  only n a t u r a l  l abora tory  on Ear th  which accumulates 

s o l a r  energy, and c r e a t e s  organic  m a t t e r .  They feed ,  c l o t h e  and warm u s ,  a s  

w e l l  as release oxygen and c l e a r  t h e  atmosphere of carbon dioxide gas. 

Regeneration of t h e  atmosphere - absorp t ion  of carbon d ioxide  and 

Spec ia l  demands are made on t h e  l i n k  of higher  p l a n t s  i n  t h e  closed 

area of a spacecraf t :  

continuous renewal of t h e  surrounding atmosphere, as v a r i a t i o n s  i n  the  pro- 

duc t ion  of oxygen by green p l a n t s  and f r e e i n g  t h e  atmosphere of carbon 

d ioxide  can only  b e  w i t h i n  t h e  v a r i a t i o n  l i m i t s  of man's needs. 

rest (s leeping)  uses  less oxygen than when h e  is awake o r  working a c t i v e l y .  

These v a r i a t i o n s  are u s u a l l y  15-20% of the  average hourly gas  exchange level 

of man. 

uniformity of operat ion,  s t a b i l i t y  i n  t i m e  and 

A man a t  
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It fol lows t h a t  t h e  l e a f  sur face  i n  t h e  l i n k  of higher  p l a n t s  must b e  

as s t a b l e  as p o s s i b l e  i n  t i m e .  

p lane tary  s t a t i o n  a l l  t h e  p l a n t s  must n o t  be planted a t  t h e  s a m e  t i m e ,  nor 

harvested a t  t h e  same t i m e .  Thus, t h e  u s u a l  means of farming on Earth are 

unacceptable i n  space,  because i t  does n o t  provide uniform and continuous 

regenera t ion  of t h e  atmosphere i n  t h e  s p a c e c r a f t  o r  i n  t h e  p lane tary  s t a t i o n .  

It is  necessary t o  f i n d  another means of growing p l a n t s  f o r  space,  one which 

would provide a s t a b l e  t o t a l  area of green leaves i n  t h e  space p l a n t a t i o n .  

Consequently, i n  a s p a c e c r a f t  o r  a t  a 

/45 

And t h e  l i m i t e d  space i n  t h e  spacecraf t  o r  p l a n e t a r y  s t a t i o n ,  as w e l l  

a s  t h e  complexity of br inging  l i g h t  energy i n t o  t h e  c u l t i v a t i n g  room and 

removing h e a t  energy from t h e  system, make i t  necessary t o  f i n d  a way t o  use  

t h e  i l luminated growing area most e f f i c i e n t l y  and i n t e n s i v e l y .  The minimum 

growing area must provide maximum food, water and oxygen. 

A l l  t h e s e  f e a t u r e s  of plant-growing i n  space have forced researchers  t o  

develop s p e c i a l  means of growing p l a n t s ,  which have been named a green con- 

veyor. 

This t e r m  f i r s t  appeared i n  c a t t l e - r a i s i n g ,  where cat t le-breeding farms 

began t o  grow fast-growing green forage,  ca lcu la ted  s o  t h a t  during t h e  whole 

summer i t  would be p o s s i b l e  t o  mow grass  d a i l y  and feed t h e  animals on c e r t a i n  

s e c t i o n s  of these  f i e l d s .  

Somewhat l a t e r ,  c a t t l e  breeders  began t o  be concerned about feeding t h e  

animals i n  t h e  winter  months with food greens containing vi tamins.  With t h i s  

i n  v i e w ,  7-10-day seedl ings  of cereal p l a n t s  ( o a t s ,  bar ley)  are continuously 

c u l t i v a t e d  and fed t o  t h e  animals. 

A number of devices  f o r  continuous (conveyor) c u l t i v a t i o n  of green forage /46 
have been developed and patented (Figure 10) .  

Basic t o  t h e  cons t ruc t ion  of such a conveyor i s  a t r a n s p o r t e r  with an  

i n f i n i t e  b e l t  and a mesh bottom. A t  the  start of t h e  conveyor, t h e r e  i s  a 
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device f o r  sowing seed. Along 

t h e  conveyor, over t h e  t rans-  

p o r t e r ,  lamps and s p r i n k l e r s  are 

mounted. A t  t h e  end of t h e  con- 

veyor - a baske t  f o r  removing 

Radiant energy 

I : I  1 . 1  I \ ',:, 

t h e  produce. 

. - The speed a t  which t h e  con- 

veyor moves is such t h a t  it makes 

i t s  way from beginning t o  t h e  

end of t h e  device i n  7-10 days,  
Figure 10. P lan  f o r  cons t ruc t ing  one of 

t h e  devices  f o r  growing green feed on 
a conveyor: 
t h e  conveyor, 2 - sowing device,  3 - 
r e s e r v o i r ,  4 - r e s e r v o i r  f o r  n u t r i e n t  sprouts .  A continuous green 
s o l u t i o n ,  5 - s p r i n k l e r s ,  6 - growing 
p l a n t s ,  7 - f i n i s h e d  product .  

1 - mechanism f o r  moving which i t  takes  t o  produce green 

brush of green sprouts  i s  removed 

from t h e  conveyor. Usually t h e  

r o o t s  of t h e  sprouts  are c l o s e l y  entangled toge ther  and a continuous green 

rug'' comes of f  t h e  conveyor. A f t e r  being washed with water these  "rugs" are 11 

fed whole t o  t h e  animals.  

I n  t h i s  kind of device,  a kilogram of seed i s  transformed i n t o  4-5 kg 

of green vi tamin food. 

P lan t ing  seed every day a t  one end of t h e  conveyor, t h e  crops can be 

removed a t  t h e  o t h e r .  This i s  t h e  way green feed i s  continuously produced on 

some cat t le-breeding farms. 

A s i m i l a r  means of opera t ing  a conveyor would f u l f i l l  one of t h e  

necessary condi t ions  of r a i s i n g  p l a n t s  i n  space p l a n t a t i o n s ,  namely cont inui ty .  

But w e  must s t i l l  b e  concerned wi th  t h e  i n t e n s i v e  use  of t h e  e n t i r e  i l luminated 

area i n  a closed space. 

We know t h a t  a number of a g r i c u l t u r a l  p l a n t s  have f o r  a long t i m e  i n  

a l l  areas been r a i s e d  by t h e  t r a n s p l a n t i n g  method. 

has  two purposes. The f i r s t  ( e s p e c i a l l y  i n  nor thern  regions)  is t o  lengthen 

The use of t h i s  method 
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t h e  growing per iod.  

when t h e  air has n o t  y e t  warmed up, and p l a n t s  cannot grow without  pro tec t ion .  

But t h e  t ransplan t ing  method is a l s o  used i n  southern reg ions  where summer 

is long enough f o r  e a r l y  production. 

The seedl ing  i s  grown i n  a hothouse o r  under g l a s s  

And t h e  t r a n s p l a n t i n g  method makes e f f i c i e n t  

The most t y p i c a l  p l a n t  which i s  grown by t h e  

cabbage. Cabbage seedl ings  up t o  t h e  10th day of 

use  of t h e  growing area. 

t r a n s p l a n t i n g  method is 

growth need 1 c m  of growing 2 
n 
L area f o r  one p l a n t ;  30-35-day seedl ings  need 25 c m  . One mature p l a n t  of 

e a r l y  cabbage needs about 2000 c m  , medium r ipening  - 4000 c m  , and la te  

r i p e n i n g -  5000 c m  . 
2 2 

2 

Therefore,  t h e  necessary p lan t ing  area f o r  one cabbage p l a n t  during t h e  

growing period changes between 2000-5000 t i m e s ,  depending on t h e  v a r i e t y .  /47 
Evidently,  i t  is i n e f f i c i e n t  t o  sow and r i g h t  away take  up t h e  whole area 

needed f o r  mature cabbage wi th  t h e  s m a l l  p l a n t s .  

regions with s u f f i c i e n t l y  long growing per iod they u s u a l l y  r e s o r t  t o  using 

t h e  seedl ing  method. 

of t h e  garden, t h e  rest of t h e  land i s  being used f o r  another  kind of crop. 

It is reasonable t h a t  e a r l y  cabbage f o r  t h e  f i r s t  two months of growth "uses1' 

only 30% of t h e  area i t  needs t o  mature; medium r ipening  v a r i e t i e s  i n  t h i s  

period of development "use" 15% of t h e  area, and la te  r ipening varieties - 
only 7%. 

Therefore,  even i n  southern 

While t h e  seedl ings  are being readied i n  small s e c t i o n s  

These cons idera t ions  are taken i n t o  account i n  developing p lans  f o r  

conveyor growth of p l a n t s  i n  space. 

Two p r i n c i p l e s  can be assumed a s  t h e  b a s i s  of t h e  conveyor p lans  being 

developed, depending on t h e  method chosen f o r  growing p l a n t s :  growing p l a n t s  

using a s u b s t r a t e  and growing p l a n t s  without a s u b s t r a t e  (aeroponics o r  

another  v a r i e t y  of t h e  s u b s t r a t e l e s s  method without  f i x i n g  t h e  p l a n t  r o o t s ) .  

W e  must no te  t h a t  t h e  p o s s i b i l i t i e s  f o r  a conveyor i n  t h e  s u b s t r a t e l e s s  

method of r a i s i n g  p l a n t s  are wider and more favorable .  
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I n  t h e  s u b s t r a t e  method of growing p l a n t s ,  they are f i rmly  anchored by 

t h e i r  r o o t s  i n  one p lace  ( a s  i n  growing i n  s o i l )  and t h e i r  f r e e  movement 

during growth i s  impossible.  

of growing p l a n t s  can be organized t h e  same way i t  i s  on l i v e s t o c k  farms. 

The growing area set a s i d e  f o r  a p a r t i c u l a r  p l a n t  i s  divided i n t o  i n d i v i d u a l  

squares i n  conformity wi th  t h e  l e n g t h  of t h e  growing per iod of t h e  given 

p l a n t s ,  and t h e  accepted frequency of crop removal and p l a n t i n g .  This f r e -  

quency of removal has  received t h e  name "conveyor s t e p  . I t  

Therefore,  t h e  conveyor i n  t h e  s u b s t r a t e  method 

L e t  u s  suppose t h a t  we need t o  organize a conveyor of rad ishes .  Radishes 

are a quick-ripening crop,  and most varieties produce a h a r v e s t  a f t e r  30 days 

of growth. W e  w i l l  assume t h a t  t h e  conveyor s t e p  is set a t  3 days. I n  t h i s  

case it i s  necessary t o  d i v i d e  t h e  growing a r e a  i n t o  10 squares  (30:3=10). 

Each square must be seeded 3 days a f t e r  t h e  preceding one. Thus, i n  30 days 

a l l  t h e  squares w i l l  b e  sown; i n  a l l  squares w i l l  be p l a n t s  of var ious  ages 

and i n  t h e  f i rs t  square crops can be removed. The conveyor reaches a p la teau  

and begins t o  func t ion  normally. I n  t h e  whole growing area, l e a f  s u r f a c e s  

of var ious  maturi ty  are developed i n  t h e  p l a n t s ,  which regenera te  t h e  a t -  

mosphere and w a t e r .  

Beginning with the  31st day, t h e  crops are removed by squares .  The 

square f reed  from crops is reseeded t h e  s a m e  day.. . , etc. 

The l e a f  s u r f a c e  of such a " f ie ld"  i s  p r a c t i c a l l y  constant .  Its var ia -  

t i o n s ,  ev ident ly ,  w i l l  b e  w i t h i n  t h e  l i m i t s  of those  taken away wi th  t h e  

h a r v e s t  of t h e  next  square i n  t u r n  every t h r e e  days as w e l l ,  as w i t h i n  t h e  

l i m i t s  of i n d i v i d u a l  p l a n t  v a r i a b i l i t y .  

A conveyor w i t h  o t h e r  c u l t u r e s  i s  c a l c u l a t e d  analogously t o  t h e  example 

wi th  rad ishes .  

/48 

This kind of conveyor provides  a continuous removal of produce and l i t t le-  

changing l e a f  sur face .  But i t  does n o t  provide t h e  most e f f i c i e n t  u s e  of t h e  
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i l luminated (seeded) area. With t h e  s u b s t r a t e  method of growing p l a n t s ,  t h e r e  

i s  hardly a more p e r f e c t  conveyor organiza t ion  poss ib le .  

The p o s s i b i l i t i e s  of organizing an  e f f i c i e n t  conveyor i n  the s u b s t r a t e l e s s  

method of r a i s i n g  p l a n t s  are much g r e a t e r .  I n  t h a t  case p l a n t s  can be moved 

along t h e  growing area, because t h e i r  r o o t  systems hang i n  t h e  a i r  and are 

only spr inkled  p e r i o d i c a l l y  wi th  t h e  s o l u t i o n .  

I n  t h e  s u b s t r a t e l e s s  method of growing p l a n t s ,  i t  i s  p o s s i b l e  t o  organize 

t h e  conveyor s a  t h a t  p r a c t i c a l l y  a l l  t h e  i l luminated a r e a  w i l l  be  equal ly  and 

mzximally used. This is p r a c t i c a b l e  i f  t h e  p l a n t s  are moved t o  a new p l a c e  

every day, and t h e  seeds (or t h e  sprouts ,  whichever is  more convenient and 

advantageous) are planted as c l o s e  together  as p o s s i b l e  and - a s  t h e  p l a n t s  

grow - they are separated f a r t h e r  and f a r t h e r  a p a r t .  

Designers have developed a number of v e r s i o n s  of p l a n t i n g  covers f o r  t h e  

growing tanks which would al low t h e  p l a n t s  t o  be placed f a r t h e r  a p a r t  according 

t o  t h e i r  s i z e .  One of t h e  poss ib le  vers ions  of a p l a n t i n g  cover i s  diagrammed 

i n  Figure 11. 

The seedl ings  are placed i n  s l o t s  f o r  t h e  p l a n t s  i n  s p e c i a l  pockets.  The 

pockets move f r e e l y  along t h e  s l o t s ,  arranged i n  d iverg ing  rays .  This 

provides increasfng d i s t a n c e  between t h e  rows. I n  t h e  f i r s t  period of growth, 

while  t h e  p l a n t s  are s m a l l ,  t h e  pockets are c l o s e  toge ther .  L a t e r ,  t h e  

d i s t a n c e s  between them are increased t o  t h e  optimum d i s t a n c e  f o r  each kind 

of p l a n t .  

Thus, the d i s t a n c e s  between p l a n t s  i n  a row are changed by moving t h e  /49 
p l a n t i n g  pockets a long t h e  s l o t .  

changed , because t h e  s l o t s  are arranged i n  diverging rays .  

And t h e  d i s t a n c e s  between t h e  rows are 

I n  arranging a conveyor by t h i s  method i t  becomes p o s s i b l e  t o  form and 

maintain a n  optimum growing p a t t e r n  with optimum l e a f  area over t h e  whole 

p lan t ing  area. 
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There are a number of o t h e r  p lans  

f o r  p l a n t i n g  platforms t o  use e f f e c i e n t l y  

t h e  i l luminated area i n  t h e  c u l t i v a t i o n  

room of t h e  spacecraf t .  

Bio logis t s .have  very  thoroughly 

s tudied  t h e  ques t ion  of how many leaves 

i t  i s  f e a s i b l e  t o  have i n  one growing 

area, so  t h a t  t h e  b a s i c  working organ Figure 11. One of t h e  p o s s i b l e  p lans  
f o r  cons t ruc t ing  a cover f o r  con- 
veyor growing of p l a n t s  without  a 
s u b s t r a t e  i n  d iverg ing  s l o t s .  

of t h e  p l a n t  - t h e  l e a f  - can c a r r y  

o u t  photosynthesis  normally. Usually 

t h e  l e a f  area of a l l  t h e  p l a n t s  i n  a 

given a r e a  i s  determined. The r a t i o  of l e a f  a r e a  t o  p l a n t i n g  a r e a  i s  c a l l e d  

t h e  l e a f  index. 

It has been e s t a b l i s h e d  t h a t  t h e  optimum l e a f  index of a p lan t ing  v a r i e s  

wi th in  wide l i m i t s ,  and depends on t h e  i n t e n s i t y  and q u a l i t y  of t h e  l i g h t .  

Thus, i n  growing p l a n t s  using incandescent lamps wi th  a t o t a l  s t r e n g t h  of 

about 150 W per 1 m , t h e  optimum l e a f  index would u s u a l l y  be 7-8, i .e . ,  t h e  

l e a f  a r e a  of a l l  t h e  p l a n t s  would be 7-8 t i m e s  g r e a t e r  than t h e  area of 

p lan t ing .  I f  these  p l a n t s  are grown i n  l i g h t  from xenon lamps, then t h e  

optimum l e a f  index w i l l  be  lower. I n  o ther  words, i n  i l lumina t ion  of p l a n t s  

with xenon l i g h t ,  the  upper l a y e r  of leaves  uses  t h e  r a d i a n t  energy more in- 

tens ive ly ,  absorbs i t  b e t t e r ,  and nothing reaches t h e  lower l e a v e s ,  

2 

A conveyor w i t h  moving p l a n t s  can and should b e  b u i l t  so  t h a t  i n  t h e  

e n t i r e  p l a n t i n g  a r e a  an  optimum l e a f  index i s  maintained a t  a l l  t i m e s .  

show t h a t  t h i s  can b e  done i n  n e a r l y  t h e  e n t i r e  area. The exception i s  j u s t  

t h e  beginning o f  t h e  conveyor w i t h  t h e  smallest p l a n t s  which have not  y e t  

developed a s u f f i c i e n t  number of leaves .  

T e s t s  

/50 

It is easy t o  imagine t h a t  movement of t h e  p l a n t s  during t h e i r  growth 

would n o t  be s teady,  bu t  must correspond t o  t h e  growth curve of t h e  underground 
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. , p a r t  of t h e  p l a n t s .  A t y p i c a l  growth 

curve f o r  vege tab le  p l a n t s  is given 

i n  F igure  12. 
m 

P 
4-1 
0 Thus, t o  provide cosmonauts o r  

i n h a b i t a n t s  of p lane tary  s t a t i o n s  with 

s teady  food, a i r ,  and water, i t  is  

necessary t o  organize a conveyor f o r  
/ 

- . . growing a l l  t h e  p l a n t s  i n  t h e  space T i m e  ' 

p l a n t a t i o n s .  The growing area i n  

c u l t i v a t i o n  rooms can b e  used most Figure 12. 
p l a n t s .  

Typical growth curve of 

e f f i c i e n t l y  by growing p l a n t s  without 

a s u b s t r a t e .  I n  t h i s  case of conveyor arrengement, an  optimum growing p a t t e r n  

i s  f e a s i b l e  i n  n e a r l y  t h e  whole c u l t i v a t i o n  a rea .  

Biological  Compatibi l i ty  

Every l i v i n g  organism, be i t  p l a n t ,  animal o r  man, i s  continuously ex- 

changing matter  wi th  t h e  environment i n  t h e  l i f e  process.  

exchange of  matter,  something e n t e r s  t h e  l i v i n g  organism from t h e  environment, 

and something i s  released. 

I n  t h e  process  of 

The withdrawal of m a t t e r  from t h e  environment and r e l e a s i n g  of var ious  

excre t ions  (metabol i tes)  from t h e  organism i n t o  t h e  environment has  an e f f e c t  

on t h e  environment. I t c h a n g e s a s  a r e s u l t  of t h e  v i t a l  processes  of i t s  

i n h a b i t a n t s .  This in f luence  of l i v i n g  organisms on t h e  environment, i n  most 

cases, a l s o  a f f e c t s  o ther  spec ies  l i v i n g  i n  t h e  s a m e  condi t ions .  

The mutual in f luence  of organisms l i v i n g  i n  t h e  same condi t ions can be 

favorable ,  and c o n t r i b u t e  t o  increased growth and development of the  organism. 

But more o f t e n  t h i s  in f luence  i s  unfavorable,  and acts oppressively on spec ies  

l i v i n g  together .  
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From t i m e  immemorial, farmers have known t h a t  var ious  p l a n t s  growing 

i n  one p l o t  have a mutual e f f e c t  on each o t h e r .  

mutual he lp  g e t  a long w e l l  toge ther  s i d e  by s ide .  For example, f o r e s t e r s  

know t h a t  firs and l a r c h e s  make a good f o r e s t a t i o n .  Oaks and l indens  g e t  

along w e l l  toge ther ,  and have a b e n e f i c i a l  e f f e c t  on each o t h e r .  Other spec ies  

oppress each o ther  and cannot create a r i c h  f o r e s t .  

r e l a t i o n  of oaks and ash  trees, oaks and white  acacias, o r  p ines  and red  

e l d e r s .  

Some kinds r e a d i l y  and wi th  

- I 5 1  

Examples are t h e  i n t e r -  

A g r i c u l t u r a l i s t s  know j u s t  as many examples of t h e  p o s i t i v e  and negat ive 

mutual in f luence  of p l a n t s .  Thus, combined p lan t ings  of v e t c h  and o a t s  are 

an  example of t h e  favorable  co-existence of two spec ies .  Peas and ve tch  co- 

e x i s t  somewhat less w e l l ,  and peas do n o t  g e t  along a t  a l l  w i t h  maize. 

The many problems of t h e  mutual e f f e c t  of growing organisms can be 

divided i n t o  two l a r g e  groups. 

The, f i r s t  of these  inc ludes  problems of t h e  j o i n t  use  of b a s i c  f a c t o r s  

of t h e  environment which are necessary f o r  good growth of t h e  p l a n t .  W e  mean: 

l i g h t ,  elements of r o o t  n u t r i t i o n ,  moisture,  carbon d ioxide  - i n  o t h e r  words, 

i t  i s  a quest ion of t h e  p l a n t s  growing together  f i g h t i n g  f o r  t h e  b a s i c  

f a c t o r s  of growth. For t h e  problem w e  a r e  consider ing - c r e a t i n g  a closed 

ecologica l  system i n  space f l i g h t  o r  p lane tary  s t a t i o n  condi t ions  - t h i s  

group of problems is of secondary importance. I n  h igh- in tens i ty  c u l t i v a t i o n  of 

p l a n t s  i n  a l imi ted  growing a r e a ,  i n  t h e  c u l t i v a t i o n  room of t h e  s p a c e c r a f t  

o r  p lane tary  s t a t i o n  man can provide a cons tan t  supply of  a l l  t h e  n u t r i e n t  

materials, moisture ,  and r a d i a n t  energy t h a t  t h e  p l a n t s  need i n  optimum 

q u a n t i t i e s .  

The second group of problems includes problems of t h e  mutual e f f e c t  

growing organisms have on each o ther  through t h e  products of t h e i r  v i t a l  

processes ,  re leased  by r o o t s  and leaves. 
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Biologica l  sc ience  has accumulated a l a r g e  amount of d a t a  which i n d i c a t e  

t h a t  i n  the  l i f e  process  p l a n t s  release i n t o  t h e  surrounding medium var ious  

phys io logica l ly  active materials (mineral  and organic) ,  which a f f e c t  o ther  

organisms. 

Around each p l a n t  a d i s t i n c t i v e  microworld i s  crea ted  which i s  dependent 

on the  presence of p l a n t  excre t ions .  

excre t ions :  g u t t a t i o n  (or  p l a n t  "tears") , n e c t a r ,  r o o t  excre t ions ;  secondly,  

excre t ions  appearing when t h e  p l a n t  i s  in jured .  

honeydew, gums, Thirdly,  a number of substances excreted from leaves and 

s t a l k s  of p l a n t s  when they are watered. 

c i p i t a t i o n  are pr imar i ly  mineral  s a l t s .  

F i r s t  of a l l ,  t h e r e  are i t s  ordinary 

These inc lude  phytoncides,  

The substances washed of f  by pre- 

Several  dozen d i f f e r e n t  a c t i v e  substances i n  p l a n t  excre t ions  have been /52 
found and defined i n  t h e  l a s t  decades. The number of excre t ions  under 

s tudy continues t o  increase .  They include organic  a c i d s ,  amino a c i d s ,  un- 

s a t u r a t e d  aromatic a c i d s  ( including c a f f e t a n n i c ,  cinnamic, f e r u l i c ,  e t c . ) ,  

aldehydes, unsaturated lac tones ,  dihydroacet ic  a c i d ,  i n o l y l a c e t i c  a c i d ,  

var ious f lavones and many o t h e r s .  

A t  t h e  present  t i m e  w e  do not  know t h e  chemical composition of many 

excre t ions .  Work i s  s t i l l  being continued. However, t h e  except ional  impor- 

tance of t h i s  aspec t  of t h e  p l a n t  a c t i v i t y  i s  evident .  It i s  e s p e c i a l l y  

important f o r  c losed c u l t i v a t i o n  rooms i n  s p a c e c r a f t  o r  p lane tary  s t a t i o n s .  

According t o  t h e  c a l c u l a t i o n s  of some s c i e n t i s t s ,  t h e  annual production 

of a l l  p l a n t  excre t ions  i s  dozens of centners  (100 kg) per  h e c t a r e  (2.47 

a c r e s )  of vege ta t ion .  I n  o ther  words, excre t ions  are approximately equal t o  

posthumous p l a n t  r e s i d u e  i n  a given area .  

Under ord inary  Earth condi t ions ,  w e  very  o f t e n  do not  n o t i c e  and a r e  n o t  

aware of the  var ious  p l a n t  excret ions.  

by t h e  f a c t  t h a t  i n  t h e  major i ty  of cases t h e i r  q u a n t i t y  a t  any one t i m e  i s  

comparatively small ;  secondly, p l a n t  excre t ions  begin t o  i n t e r a c t  with t h e  

This can be explained f i r s t  of a l l  
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environment slowly (they decompose i n  l i g h t ;  they are oxid ized) .  They are 

absorbed by t h e  s o i l  o r  by o t h e r  p l a n t s ,  or  t h e  microbic  environment of t h e  

p l a n t s .  I n  t h e i r  i n t e r a c t i o n  wi th  t h e  s o i l ,  wi th  p l a n t s ,  o r  microbes t h e  

p l a n t  exc re t ions  have an e f f e c t  on them which i s  apparent as growth suppression, 

lower ha rves t ,  etc. F i n a l l y ,  t h i r d l y ,  cons tan t  v e n t i l a t i o n ,  c i r c u l a t i o n  of 

t h e  atmosphere, t h e  a i r  blowing, qu ick ly  carries away and d i s s i p a t e s  i n t o  

space l i g h t  p l a n t  exc re t ions .  However, t h e  s m e l l  of f l owers ,  of needles  i n  

the  f o r e s t ,  of po ta toes  o r  tomatoes i n  t h e  f i e l d s  and of o t h e r  k inds  of 

p l a n t s  are w e l l  known t o  us. All t hese  smells correspond t o  p l a n t  exc re t ions .  

A t  t h e  present  t i m e ,  t h e  s tudy  of p l a n t  exc re t ions  and t h e i r  e f f e c t  on t h e  

environment and on o t h e r  k inds  of p l a n t s  growing toge ther  wi th  them has ex- 

panded and developed i n t o  a whole new d i r e c t i o n  c a l l e d  a l l e l o p a t h y .  

Al le lopa thy  s t u d i e s  t h e  phys io log ica l ly  a c t i v e  substances and t h e i r  

cyc le  i n  biogeogenesis. 

i s  studying are the  following: 

Among t h e  most important problems which a l l e l o p a t h y  

accumulation and exc re t ion  by p l a n t s  of phys io log ica l ly  a c t i v e  substances;  

accumulation and t ransformat ion  of substances i n  the  environment; 

absorp t ion  and e f f e c t  of phys io log ica l ly  a c t i v e  substances on o the r  

p l a n t s .  

A l l  t hese  ques t ions  are very important i n  the  c r e a t i o n  of a closed cyc le  /53 
of matter i n  an a r t i f i c i a l  eco log ica l  system. However, i n  r e l a t i o n  t o  space 

problems, t h e  l i s t  of t h e  most important problems of a l l e l o p a t h y  i s  incomplete. 

It  does n o t  inc lude  t h e  e f f e c t  of phys io log ica l ly  a c t i v e  p l a n t  exc re t ions  on 

man. 

An a r t i f i c i a l  mat ter-cycle  system us ing  a l i n k  of higher p l a n t s  as a 

b i o l o g i c a l  regenera tor  of food, water, and a i r  i s  c rea t ed  f o r  t h e  sake  of 

man's s a f e t y  i n  space f l i g h t .  Therefore,  i n  studying t h e  a l l e l o p a t h i c  e f f e c t  
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of p l a n t s  on the environment, i t  is, f i r s t  of a l l ,  necessary t o  eva lua te  

t h e  effect of p l a n t s  on man. 

A l l  t h a t  has  been discussed i n  this chapter  can be def ined by the com- 

This term p a r a t i v e l y  new concept i n  biology - "b io logica l  compat ibi l i ty ."  

des igna tes  t h e  p o s s i b i l i t y  f o r  var ious  organisms (be they p l a n t s ,  animals,  

o r  man) t o  develop s a t i s f a c t o r i l y  without  damage t o  t h e i r  v i t a l  a c t i v i t y ,  

l i f e ,  work or  growth i n  one closed space with a common atmosphere. 

I n  t h i s  f i e l d ,  everything has  n o t  been explained. I n t e n s i v e  research  

is necessary which would provide answers t o  t h e s e  quest ions:  

a) what kinds of higher  p l a n t s  w i l l  no t  be mutually oppressed i n  

c losed cycles? 

b) how w i l l  t h e  environment ( e s p e c i a l l y  t h e  atmosphere) be changed i n  

c losed spaces  of t h e  s p a c e c r a f t  o r  p l a n e t a r y  s t a t i o n  as a r e s u l t  of prolonged 

c u l t i v a t i o n  of a c o l l e c t i o n  of p l a n t s ?  What substances can accumulate i n  

them; what kind of an e f f e c t  do they have on man; what is t h e  h ighes t  safe 

concentrat ion of t h e s e  substances? 

c) development of means t o  absorb accumulating phys io logica l ly  active 

substances,  t h e i r  d e s t r u c t i o n ,  and t h e  r e t u r n  t o  t h e  cyc le  of chemical 

elemerits i n  them. 

There is much work y e t  t o  perform on these  ques t ions .  

Radiat ion Danger i n  -- Space .- and ways t o  El iminate  1-t 

A s e r i o u s  o b s t a c l e  i n  man's pene t ra t ion  i n t o  space is ioniz ing  cosmic 

r a d i a t i o n .  

higher p l a n t s  which must accompany man on h i s  space journ ies .  

This  c r e a t e s  a d d i t i o n a l  d i f f i c u l t i e s  and holds  g r e a t  danger f o r  
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Cosmic r a d i a t i o n  w a s  discovered a t  t h e  beginning of t h e  century,  b u t  

t h e r e  h a s  been a sys temat ic  s tudy  of i t  only  i n  t h e  l as t  10-15 years  when /54 
s e n s i t i v e  and r e l i a b l e  dos imet r ic  equipment has  been developed and rockets  

and satel l i tes  have made i t  p o s s i b l e  t o  p e n e t r a t e  f a r  enough i n t o  o u t e r  space 

t o  o b t a i n  more complete information. 

According t o  c u r r e n t  i d e a s ,  i o n i z i n g  r a d i a t i o n  i n  o u t e r  space comes 

from t h r e e  sources.  The f i r s t  of them i s  t h e  Ear th ' s  r a d i a t i o n  b e l t s .  They 

w e r e  formed as a r e s u l t  of incoming charged p a r t i c l e s  from o u t e r  space and 

from t h e  Sun being trapped by t h e  Ear th ' s  magnetic f i e l d .  S c i e n t i s t s  d i s -  

t i n g u i s h  t h r e e  b e l t s  of charged p a r t i c l e s  around t h e  Earth.  The most dangerous 

i s  t h e  i n n e r  one, which covers  t h e  regions around t h e  equator  and extends 

almost t o  t h e  p o l a r  l a t i t u d e s .  The edge of t h e  inner  b e l t  of charged p a r t i c l e s  

c l o s e s t  t o  t h e  Earth i s  measured a t  var ious  a l t i t u d e s .  A t  p l a c e s ,  t h e  ionized 

b e l t  approaches t h e  Ear th  i n  tongues; a t  o t h e r  p laces  i t  moves away from i t .  

This depends on t h e  phase of s o l a r  a c t i v i t y .  

I n  t h e  e a s t e r n  hemisphere, t h e  lower edge of t h e  r a d i o a c t i v e  b e l t  i s  

about 1500 km from t h e  s u r f a c e  of t h e  Earth.  I n  t h e  western hemisphere, i t  

is  only 500 km. This  i n e q u a l i t y  i s  explained by t h e  var iance  i n  t h e  magnetic 

and geographic poles  of t h e  Earth.  

The o u t e r  r a d i a t i o n  b e l t  extends t o  70-150 thousand km from t h e  Earth.  

The Ear th ' s  r a d i a t i o n  b e l t s  are mostly composed of protons and e l e c t r o n s .  

Radiat ion i n t e n s i t y  i n  t h e  zone near  t h e  Ear th  i s  so g r e a t  t h a t  t o  

p e n e t r a t e  i t  o r  even t o  c r o s s  i t  a t  cosmic speeds i s  dangerous f o r  l i v i n g  

beings without  s p e c i a l  p r o t e c t i o n .  But i t  i s  p o s s i b l e  t o  reach deep space,  

beyond t h e  l i m i t s  of t h e  r a d i a t i o n  b e l t s  around t h e  Ear th ,  i f  c o r r e c t  space 

t r a j e c t o r i e s  are s e l e c t e d .  

a n t a r c t i c ) ,  r a d i a t i o n  b e l t s  are p r a c t i c a l l y  absent ,  and an e x i t  t o  ou ter  space 

through t h e  p o l a r  reg ions  is  s a f e .  

than 500 km w i l l  a l s o  be o u t s i d e  t h e  r a d i a t i o n  b e l t s .  

I n  t h e  reg ions  around t h e  poles  [arctic and 

O r b i t  around t h e  Ear th  a t  a l t i t u d e s  less 

F l i g h t s  a long t h i s  
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r o u t e  are not  dangerous i f  they do n o t  co inc ide  wi th  s o l a r  (chromospheric) 

f l a r e s  . 
Chromospheric f l a r e s  are t h e  second source of cosmic r a d i a t i o n .  

The Sun is  a g i g a n t i c  incandescent sphere where complex phys ica l  and 

chemical processes  are cons t an t ly  occurr ing.  It more o r  less r e g u l a r l y  

e j e c t s  from i t s  depths  powerful streams of high energy p a r t i c l e s .  Fluxes 

of these  p a r t i c l e s  are d i r e c t e d  on a l l  s ides .  

(about 85%), and a lpha-par t ic les .  

p e r i o d i c i t y  of s o l a r  a c t i v i t y .  

as a r u l e ,  every 11 years .  

wi th  t h e  appearance of dark  spo t s  on it. 

appears.  

They p r i n c i p a l l y  ca r ry  protons 

Observations have e s t ab l i shed  t h e  d e f i n i t e  

Maximum a c t i v i t y  of s o l a r  f l a r e s  i s  observed, 

The g r e a t e s t  a c t i v i t y  of t h e  Sun usua l ly  co inc ides  /55 
Then the  per iod of t h e  "quie t  Sun'' 

So lar  f l a r e s ,  e s p e c i a l l y  i n  t h e  a c t i v e  s o l a r  per iod ,  a r e  so  s t rong  t h a t  

they are 100-200 t i m e s  greater than the  r a d i a t i o n  to l e rance  of l i v i n g  organisms. 

Therefore,  i t  would be very important t o  discover  a method f o r  p red ic t ing  

s o l a r  f l a r e s .  

t he  s t u d i e s  of t h e  outs tanding  Russian s c i e n t i s t ,  A .  L. Chizhevskiy. H e  began 

h i s  research  i n  1915 and e s t ab l i shed  t h a t  c e r t a i n  microorganisms respond 

very s e n s i t i v e l y  t o  s o l a r  ac t5v i ty .  I n  a number of cases ,  c e r t a i n  b a c t e r i a  

begin t o  behave d i f f e r e n t l y  4-5 days before  instrument  observa t ions  can 

determine s o l a r  a c t i v i t y .  

unique " l iv ing  barometer" t o  p r e d i c t  the  behavior of t he  Sun and t o  warn men 

i n  space about the t h r e a t  of danger. The cosmonaut would thus  r ece ive  a 

s i g n a l  ahead of t i m e  about t h e  threa ten ing  danger, and have t i m e  t o  take  

p r o t e c t i v e  measures. 

Encouraging r e s u l t s  i n  t h i s  d i r e c t i o n  have been obtained by 

Consequently, i t  might be poss ib l e  t o  create a 

Other methods of p red ic t ing  and warning men of r a d i a t i o n  condi t ions  i n  
space are a l s o  being developed. 

F i n a l l y ,  t he  t h i r d  source  of cosmic r a d i a i t o n  is  primary o r  g a l a c t i c  

cosmic r ad ia t ion .  Ga lac t i c  cosmic r a d i a t i o n  has  t h e  most d ive r se  particles:  
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protons,  a lpha-par t ic les ,  as w e l l  as mul t ip ly  charged i o n s  of heavy m e t a l s .  

I ts  i n t e n s i t y  is  more o r  less constant  a t  about 20 rad per  year .  

major i ty  of l i v i n g  organisms can t o l e r a t e  r a d i a t i o n  of t h i s  i n t e n s i t y  without  

p a r t i c u l a r  danger t o  t h e i r  l i f e .  P l a n t s  whose growing per iod seldom exceeds 

3 months would receive only 6-7 r a d ,  which would present  no danger f o r  them. 

I n  some cases, t h i s  level of r a d i a t i o n  could s t i m u l a t e  p l a n t  development. 

The 

Thus, t h e  g r e a t e s t  t h r e a t  f o r  space p l a n t a t i o n s  are s o l a r  f l a r e s  which, 

by sudden and powerful r a d i a t i o n ,  could put  t h e  greenhouse o u t  of service. 

What dosages of r a d i a t i o n  can p l a n t s  t o l e r a t e ?  

W e  know t h a t  s m a l l  dosages of r a d i a t i o n  cause s t i m u l a t i o n  of p l a n t  

development. Medium dosage r e t a r d s  development, and s t r o n g  dosage k i l l s .  The 

amounts of weak, medium and s t r o n g  dosages f o r  l i v i n g  organisms i s  not  w e l l  

known. 

W e  know t h a t  g r e a t  d i f f e r e n c e s  i n  r e s i s t a n c e  are observed among organisms. 

P i t c h  p i n e  (Pinus r i g i d a )  i s  t h e  l e a s t  r e s i s t a n t .  It w i l l  d i e  i n  s i x  months 

under r a d i a t i o n  of only 2 roentgen u n i t s  a day. Sage is  very  r e s i s t a n t .  

Radiat ion up t o  350 roentgen u n i t s  a day does n o t  cause any damage. 

are a l g a e  and fungi  which can withstand several thousand roentgen u n i t s  a 

day. 

/56 

There 

W e  know t h a t  dormant seeds a r e  much more r e s i s t a n t  than growing p l a n t s .  

The most widely-dis t r ibuted garden p l a n t s  which are of primary i n t e r e s t  

f o r  space p l a n t a t i o n s  include:  po ta toes  ( tubers )  and beans; b e e t s  and 

l e t t u c e  must b e  included i n  t h e  least  r e s i s t a n t  s p e c i e s .  Thus, i n  i r r a d i a t i n g  

tuberous pota toes  wi th  dosages of 4000 rad  only a few pota toes  germinated. 

S t imula t ion  of development i n  pota toes  is observed a t  dosages of 500-1000 rad.  

Seeds of t h e  p o t a t o  p l a n t  w e r e  by one order  of magnitude (10 t imes) more 

r e s i s t a n t  and t h e i r  death was observed i n  i r r a d i a t i o n  of about 40,000 rad.  

S i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  r a d i o r e s i s t a n c e  of d i f f e r e n t  v a r i e t i e s  of 

p l a n t s  have been e s t a b l i s h e d .  Seeds, as w e l l  as s p r o u t s  of cabbage p l a n t s  
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and rad ishes ,  are much h a r d i e r  i n  comparison w i t h  t h e  above-named p l a n t s .  

Thus, t h e  germinating a b i l i t y  of cabbage seeds,  after being i r r a d i a t e d  w i t h  

500 thousand rad ,  is lowered only  5% i n  comparison wi th  noni r rad ia ted  seeds.  

I r r a d i a t i o n  wi th  protons has  approximately t w i c e  as s t r o n g  a n  e f f e c t  

as i r r a d i a t i o n  wi th  gamma-particles. 

From t h i s  information alone,  i t  becomes clear t h a t  chromospheric f l a r e s  

are a s e r i o u s  danger f o r  space gardens. 

Evidently i t  i s  not  p o s s i b l e  t o  provide s t r o n g  p r o t e c t i o n  from r a d i a t i o n  

penet ra t ion  i n  t h e  form of massive lead covers o r  concre te  s h e l t e r s  on t h e  

spacecraf t .  But t h e r e  are o ther  methods which could he lp  safeguard p l a n t i n g s  

on t h e  c r a f t  from t h e  d e s t r u c t i v e  e f f e c t  of r a d i a t i o n .  

S c i e n t i s t s  are working p e r s i s t e n t l y  on t h i s .  Gradually t h r e e  promising 

t rends  have begun t o  appear:  

F i r s t -  t h e  use  of c e r t a i n  chemical compounds, which i n c r e a s e  p l a n t  

r a d i o r e s i s t a n c e ;  

Second - i t  w a s  found t h a t  l i v i n g  organisms i n c r e a s e  t h e i r  r e s i s t a n c e  

3-4 t i m e s  when they are placed i n  an  oxygen-free medium. It is  t h e o r e t i c a l l y  

poss ib le ,  having received a warning about a f l a r e  on t h e  Sun, t o  purge t h e  

atmosphere of t h e  space hot-house with a i r  devoid of oxygen; 

Third - w e  have mentioned t h a t  t h e  magnetic f i e l d  around t h e  Earth 

blocks t h e  flow of cosmic r a d i a t i o n .  

magnetic f i e l d  of the  necessary s t r e n g t h  around t h e  s h i p  which would p r o t e c t  

i t  from r a d i a t i o n  penet ra t ion ,  j u s t  as t h e  Ear th ' s  magnetic f i e l d  guards our 

p lane t .  

The ques t ion  has a r i s e n  of c r e a t i n g  a 

A l l  these  seem promising and could succeed i n  so lv ing  t h e  problem of 

r e l i a b l e  p r o t e c t i o n  of s p a c e c r a f t  from t h e  d e s t r u c t i v e  e f f e c t  of r a d i a t i o n .  



T h i s  problem i s  very  acute ,  n o t  only f o r  p l a n t s ,  b u t  a l s o  f o r  man. I n  

f a c t ,  man t o l e r a t e s  much s m a l l e r  dosages of r a d i a t i o n  than p l a n t s .  Work is  

being conducted i n  t h i s  d i r e c t i o n .  For the present ,  t h e  r o u t e  and t i m e  of 

space f l i g h t s  a r e  s e l e c t e d  caut ious ly ,  i n  r e l a t i o n  t o  t h e  state of t h e  Sun. 

Solar  survey can s t i l l  g ive  a g r e a t  d e a l  of information f o r  p r e d i c t i n g  

r a d i a t i o n  condi t ions  i n  space.  W e  must a l s o  n o t  f o r g e t  about t h e  gene t ic  

e f f e c t  of r a d i a t i o n .  

/57 

But t h a t  is  a s e p a r a t e  s u b j e c t .  

This  is t h e  s i t u a t i o n  wi th  r a d i a t i o n  danger i n  space.  

The Moon- t h e  f i r s t  o b j e c t  which w i l l  probably be inhabi ted  by man - 
has  no atmosphere and has  only a very  low-power magnetic f i e l d .  

t h e  lunar  s u r f a c e  i s  not  pro tec ted  from penet ra t ing  r a d i a t i o n  coming from 

o u t e r  space. Evident ly ,  i n  conquering t h e  Moon and bui ld ing  permanent 

s t a t i o n s  t h e r e  wi th  a l i fe -suppor t  system where a l i n k  of higher  p l a n t s  w i l l  

b e  used, t h e  s imples t  means of p r o t e c t i n g  lunar  p l a n t a t i o n s  from penet ra t ing  

r a d i a t i o n  would b e  lunar  s o i l .  

rooms w i l l  be b u i l t ,  f i l l e d  w i t h  a i r  brought from Earth.  And only a f t e r  that 

w i l l  p l a n t i n g  take  place.  

Therefore,  

A t  a s u f f i c i e n t  depth "underground" pressur ized  

Control  of t h e  Link of Higher .. P l a n t s  

I n  t h e  chapter  on modeling na ture ,  we s a i d  t h a t  normal opera t ion  of t h e  

whole a r t i f i c i a l  system of t h e  c y c l e  of mat te r  i s  p o s s i b l e  only when i n d i v i -  

dua l  l i n k s  of t h e  system work i n  harmony with s u f f i c i e n t l y  s t a b l e  "entrance" 

and "exit" of a l l  t h e  elements of each l i n k .  The balancing of matter i n  t h e  

system's cyc le  demands strict c o n t r o l  and r e g u l a t i o n  of movement between t h e  

l i n k s .  

Otherwise, i t  i s  i n e v i t a b l e  t h a t  t h e  c y c l e  w i l l  become unbalanced. 

And t h i s  presupposes r e l i a b l e  and s t a b l e  opera t ion  of each l i n k .  

Therefore,  each l i n k  i n  t h e  system must work e x a c t l y  " l i k e  a clock". 

I n  p a r t i c u l a r ,  t h e  l i n k  of h igher  p l a n t s  must a t  t h e  necessary t i m e  and a t  a 

c e r t a i n  rate provide t h e  system w i t h  oxygen, water, and food and absorb a 
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c e r t a i n  amount of carbon dioxide from t h e  atmosphere and mineral  sa l ts  from 

t h e  n u t r i e n t  s o l u t i o n .  

This kind of e f f i c i e n t  opera t ion  of t h e  system can only  occur i n  t h e  

normal a c t i v i t y  of t h e  p l a n t s  which provide necessary products and u t i l i z e  

processed wastes of man. 

a t  t h e  optimum level and combination of a l l  f a c t o r s  of t h e  e x t e r n a l  environment. 

Therefore,  continuous c o n t r o l  of environmental f a c t o r s  and t h e i r  r e g u l a t i o n  

i s  necessary.  I n  o t h e r  words, t h e  parameters of t h e  medium i n  which t h e  

p l a n t s  are developing must be cont ro l led .  

t h e  i n t e n s i t y  of b a s i c  phys io logica l  processes  i n  t h e  p l a n t s  and t o  r e g u l a t e  

these  processes.  This a l s o  relates t o  t h e  f i e l d  of cont ro l .  

But t h e  normal a c t i v i t y  of p l a n t s  is  only p o s s i b l e  158 

It is a l s o  necessary t o  c o n t r o l  

Thus, environmental f a c t o r s  of p l a n t  development ( i n t e n s i t y ,  s p e c t r a l  

composition and dura t ion  of l i g h t ,  a i r  temperature,  i t s  moisture ,  composition 

of n u t r i e n t  s o l u t i o n ,  e t c . ) ,  t h e  occurrence and i n t e n s i t y  of t h e  most important 

phys io logica l  processes  i n  p l a n t s  of d i f f e r e n t  ages  and varieties grown i n  

t h e  l i n k  of higher p l a n t s  ( t r a n s p i r a t i o n ,  photosynthesis ,  absorp t ion  of 

elements of r o o t  n u t r i t i o n )  represent  a s i n g l e  system. 

complex and dynamic; i t  i s  s u b j e c t  t o  v a r i a t i o n s .  It is enough t o  change only  

one of t h e  many environmental f a c t o r s  o r  t h e  i n t e n s i t y  of any of t h e  physiolo- 

g i c a l  processes,  and t h e  opera t ion  of t h e  whole system w i l l  b e  d is turbed .  

L e t  us  assume t h e  temperature of t h e  environment i s  lowered. This w i l l  a f f e c t  

t h e  relative humidity of t h e  a i r  - i t  increases .  

a f f e c t s  the  absorp t ion  of mineral  n u t r i e n t  elements; t h e i r  ra te  of absorpt ion 

is changed and t h e  r a t i o  of t h e  elements. 

This system is  very 

Temperature change a l s o  

The a l t e r e d  q u a n t i t y  of absorbed n u t r i e n t  elements a f f e c t s  t h e  course of 

photosynthesis ,  because t h e  p l a n t s  w i l l  have a d i f f e r e n t  q u a n t i t y  and a 

d i f f e r e n t  q u a l i t a t i v e  composition of m a t e r i a l  a v a i l a b l e  f o r  t h e  formation of 

matter. An increase  of relative humidity of t h e  a i r  i n e v i t a b l y  e n t a i l s  a 

reduct ion  of t r a n s p i r a t i o n .  Thus, a change i n  only one parameter of t h e  

environment causes a "chain" r e a c t i o n  and a f f e c t s  an  e n t i r e  s e t  of o t h e r  

parameters of t h e  environment and t h e  v i t a l  a c t i v i t y  of t h e  p l a n t s .  A s  a 
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r e s u l t ,  t he  opera t ion  of t h e  whole l i n k  i s  d is turbed  and, j u s t  l i k e  along a 

chain,  i t  is  t r ans fe r r ed  t o  o the r  l i n k s  i n  the  closed cyc le  of m a t t e r .  

It fol lows t h a t  each l i n k  (and the  whole system) must be cont ro l led .  

It must be con t ro l l ed  t o  provide t h e  continuous combination of those en- 

vironmental  f a c t o r s  which are optimum f o r  the  course of phys io logica l  processes  

i n  the  p l an t s .  

be s t a b l e .  

Only i n  t h i s  case w i l l  the  "entrance" and "exi t"  of t h e  l i n k  

I n  t h e  l a s t  two decades a whole new sc ience  about system con t ro l  has  

a r i s e n  - cyberne t ics .  

The b a s i c  c o n t r o l  of any system i n  the r egu la t ion  of i ts parameters.  

For t h i s ,  i t  is  necessary t o  o b t a i n  information from t h e  regula ted  ob jec t  on 

t h e  condi t ion  of t he  parameter which i s  t o  be regula ted .  The information 

obtained about t he  s ta te  of t he  con t ro l l ed  f a c t o r  must be compared wi th  

normal c h a r a c t e r i s t i c s .  

system, a command i s  s e n t  which corresponds t o  t h e  necessary a c t i o n  t o  b r ing  

a given parameter back t o  normal. 

Then, by us ing  a con t ro l  device i n  the  cont ro l led  

A l l  the  u n i t s  necessary t o  o b t a i n  information from the  cont ro l led  o b j e c t ,  

t o  process  i t ,  t o  compare i t  wi th  normal, sending commands t o  c o n t r o l  t h e  

parameters dev ia t ing  from normal, and the  use of t h i s  command are combined 

i n  the  general  t e r m -  automatic c o n t r o l  system. Figure 13  g ives  the  genera l  

o u t l i n e  of a cyberne t ic  automatic  c o n t r o l  system. 

One of t he  most important d e t a i l s  of any automatic con t ro l  system i s  the  

d a t a  u n i t -  a device  f o r  ob ta in ing  information about t h e  condi t ion  of t h e  

parameter which is  t o  be regula ted .  
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Cer ta in  requirements are imposed on da ta  u n i t s .  F i r s t  of a l l ,  t he  da t a  

u n i t  must be abso lu te ly  harmless t o  t h e  p l an t s .  For example, t o  ob ta in  

information on l ea f  temperatures ,  a d a t a  u n i t  i n  t he  form of a needle  which 
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Figure 13. Basic p lan  of a n  automatic con- 
t r o l  system: 1 - power u n i t ,  2 - t rans-  
ducer and s i g n a l  ampl i f ie r ,  3 - slave 
mechanism, 4 - e q u a l i z e r ,  5 - measuring 
device,  5 - cont ro l led  system, 7 - e x t e r n a l  
a c t i o n  d i s t u r b i n g  opera t ion  of t h e  system, 
8 - d a t a  u n i t  (program). 

is i n s e r t e d  i n s i d e  t h e  l e a f  

is  o f t e n  used. The l e a f  is  

i n e v i t a b l y  wounded and, as a 

consequence, t h e  information 

is  d i s t o r t e d .  
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P l a n t  growth is  q u i t e  a 

long process  o f t e n  l a s t i n g  

several months. Information 

must b e  continuous and prolonged 

i n  order  t o  r e g u l a t e  growth 

processes  of  t h e  p l a n t s  during 

t h e  e n t i r e  growing per iod.  And 

f o r  conveyor growing of p l a n t s ,  

t h e r e  i s  s t i l l  more prolonged 

work necessary i n  obta in ing  

information. 

P l a n t  growth i s  not  determined by any s i n g l e  f a c t o r  of t h e  environment, 

bu t  by a whole complex of them. 

d i t i o n  of a p l a n t  by any one phys io logica l  c h a r a c t e r i s t i c .  

c o n t r o l  of the  v i t a l  a c t i v i t y  of an  a s s o c i a t i o n  of p l a n t s ,  simultaneous 

information zbout var ious  environmental f a c t o r s  and about t h e  course of 

var ious  phys io logica l  processes i s  necessary.  

It is j u s t  as d i f f i c u l t  t o  judge t h e  con- 

For r e l i a b l e  

It must be noted t h a t  i n  t h e  arsenal of  b i o l o g i c a l  cyberne t ics  t h e r e  i s  

s t i l l  not  a s u f f i c i e n t  c o l l e c t i o n  of r e l i a b l y  and long-operating d a t a  u n i t s  

t o  provide t h e  necessary information about t h e  condi t ion  of environmental 

f a c t o r s  and the  v i t a l  a c t i v i t y  of p l a n t s .  

Among t h e  f i r s t  successes  i n  t h i s  f i e l d ,  w e  must mention a number of 

These developments made a t  t h e  Agricul tural-Physical  I n s t i t u t e  VASKhNIL. 

instruments  opera te  s a t i s f a c t o r i l y  and provide information on several para- 

meters. W e  must no te  t h e  microthermometer, a t tached  t o  t h e  p l a n t  l e a f  without  
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damaging it;  the  microhygrometer, which makes i t  p o s s i b l e  t o  o b t a i n  information 

about t h e  r e l a t i v e  humidity of t h e  a i r  i n  d i r e c t  contac t  wi th  t h e  l e a f ;  t h e  

micro-data u n i t  f o r  recording movements of l i q u i d  through t h e  p l a n t ;  t h e  

concentrat ion meter which c o n t r o l s  t h e  genera l  concentrat ion of sa l t s  i n  t h e  

n u t r i e n t  s o l u t i o n ,  and several o t h e r s .  

The f irst  s t e p s  have been taken, but  t h e r e  are a n  endless  number y e t  t o  

b e  made. For example, c o n t r o l  of t h e  t o t a l  s a l t  concent ra t ion  i n  t h e  

n u t r i e n t  s o l u t i o n  cannot g ive  information about unbalanced absorp t ion  by t h e  

p l a n t  of i n d i v i d u a l  components of t h e  n u t r i e n t  s o l u t i o n .  A t  t h e  same t i m e ,  

a d is turbance  of t h e  optimum r a t i o  of salts i n  t h e  s o l u t i o n  could react 

negat ive ly  on t h e  condi t ion  of t h e  p l a n t s .  Data u n i t s  must b e  c rea ted  which 

w i l l  r e l i a b l y  record t h e  p l a n t s '  use  of b a s i c  n u t r i e n t  elements. 

Conclusions 

The beginning of t h e  space age i n  t h e  h i s t o r y  of man demands new re- 

search,  t h e  development of new d i s c i p l i n e s  i n  the  var ious  sc iences .  Space 

physiology of man and animals is being developed, as w e l l  as space medicine, 

space radiology,  etc. 
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Creat ing closed l i fe -suppor t  systems makes new demands on p l a n t  physio- 

logy, which, as K. A .  Timiryazev noted, i s  t h e  b a s i s  of e f f i c i e n t  a g r i c u l t u r e .  

A need has a r i s e n  f o r  s tudying t h e  behavior of p l a n t s  placed i n  c losed,  

pressur ized  spaces.  Already t h e  f i r s t  observat ions on t h e  development of 

p l a n t s  i n  such condi t ions  have y ie lded  a number of new and somewhat unexpected 

f a c t s .  I n  determining t h e  i n t e n s i t y  of photosynthesis  i n  pressur ized  areas, 

i t  has  been shown t h a t  higher  p l a n t s  are q u i t e  s e n s i t i v e  t o  increased oxygen 

i n  t h e  atmosphere. A concent ra t ion  of t h i s  gas i n  t h e  a i r  of 24-25% ( i t  i s  

21% i n  t h e  normal Ear th  atmosphere) is  s u f f i c i e n t  t o  g r e a t l y  reduce t h e  

i n t e n s i t y  of photosynthesis .  On t h e  o t h e r  hand, i f  p a r t i a l  p r e s s u r e  of 

oxygen i n  an  a i r - t i g h t  chamber is  decreased below its u s u a l  concentrat ion,  

t h i s  s t i m u l a t e s  p l a n t  growth and i n t e n s i f i e s  photosynthesis .  

73 



F i r s t  observat ions on t h e  a s s i m i l a t i o n  c o e f f i c i e n t  of p l a n t s  i n  

dynamics i n d i c a t e s  t h a t  t h i s  c h a r a c t e r i s t i c  is  by no means s t a b l e  i n  t i m e ,  

bu t  changes very g r e a t l y  i n  24 hours. 

Undoubtedly, t h e r e  i s  much y e t  t o  be revealed on t h e  ques t ion  of t h e  

excre t ion  of phys io logica l ly  active substances by p l a n t s  and t h e i r  s i g n i f i c a n c e  

i n  t h e  l i f e  of organisms. 

W e  have every reason t o  expect new information on t h e  ques t ions  of 

mineral  n u t r i t i o n  i n  r a i s i n g  p l a n t s  without a s u b s t r a t e  i n  t h e  prolonged use  

of f i x e d  n u t r i e n t  s o l u t i o n s  and i n  constant  conveyor growth of p l a n t s  of 

d i f f e r e n t  ages.  

An almost completely unknown f i e l d  u n t i l  t h i s  t i m e  is  t h e  r e a c t i o n  of 

h igher  p l a n t s  t o  weight less  condi t ions.  Probably t h e  f i r s t  of these  physio- 

l o g i c a l  experiments w i t h  growing p l a n t s  i n  space w i l l  y i e l d  new and unexpected 

information. 
i 

These, and a whole l i s t  of o t h e r  ques t ions  on t h e  v i t a l  a c t i v i t y  of 

p l a n t s  i n  space f l i g h t ,  i n  p lane tary  s t a t i o n s  o r  even simply on t h e i r  pro- 

longed growth i n  pressur ized  areas, w i l l  undoubtedly open up a new chapter  

i n  p l a n t  physiology which we have every j u s t i f i c a t i o n  f o r  c a l l i n g  space 

p l a n t  physiology. 

Important new s t e p s  i n  mastering space have been made while  t h i s  book 

was  being written. 

The f l i g h t s  of s p a c e c r a f t  Venera-2, Venera-3 and Venera-4 have been 

made. A s c i e n t i f i c  s t a t i o n  w a s  placed i n  lunar  o r b i t  which f o r  near ly  f o u r  

months t ransmit ted information about our c l o s e s t  neighbor. Valuable b i o l o g i c a l  

d a t a  w e r e  obtained from t h e  f l i g h t  of s p a c e c r a f t  "Kosmos-110" wi th  two dogs on /62 
board. 
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It is  evident  t h a t  Sov ie t  successes  i n  s o f t  landing on t h e  Moon and on 

Venus, i n  docking and undocking automatic systems i n  space,  are revea l ing  

g r e a t  f u t u r e  prospec ts  f o r  t he  s tudy of t he  p l a n e t s ,  sa te l l i t es ,  and a s t e r o i d s  

i n  the  s o l a r  system. 

The t i m e  is drawing near  when what has been descr ibed i n  t h i s  book w i l l  

be  t r a n s f e r r e d  from t h e  l abora to ry  and Earth-bound models and used on board 

a spacec ra f t .  

i n  which higher  photosynthesizing p l a n t s  w i l l  p lay  a b a s i c  r o l e  as a re- 

generator  of food, w a t e r  and air  t o  ensure normal l i v i n g  condi t ions  f o r  t he  

courageous conquerors of space.  

A cyc le  of matter w i l l  be  es tab l i shed  i n  an  a r t i f i c i a l  system 

The r o l e  of p l a n t s  i n  space,  of which K. A. Timiryazev spoke i n  h i s  

t i m e ,  is becoming wider and r i c h e r .  
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